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Earlier studies have demonstrated the peroxidase oxidation 
8 
of the Q -ergolines agroclavine and el)~oclavine to their 
8 9 
respective 10-hydroxy-L\ , 8-hydroxy-L\ , and other derivatives. 
It was suggested that peroxidase may be involved in the biosyn-
thesis of some of the ergot alkaloids. The important biosyTI-
thetic intermediate chanoclavine-I is a tricyclic analog of 
agroclavine and elymoclavine and might be expected to undergo 
similar peroxidase-catalyzed oxidations but the expected 
products have not been observed in nature. However, the bio-
synthesis of the recently isolated rugulovasines could conceivably 
involve at some stage IO-hydroxylation such as occurs in the 
peroxidase oxidation of agroclavine and elymoclavine. The nnin 
objective of this investigation was to study the effect of 
peroxidase on chanoclavine derivatives in an attempt to clarify 
the possible role of this enzyme in the biosynthesis of the ergot 
alkaloids. The study later led in some unanticipated directions 
which resulted in the development of a new s~lthesis for lysergic 
acid derivatives and the isolation and s)TIthosis of a new seco-
ergoline alkaloid. 
Chanoclavino-I (and isochanoclavine-I) was found to be 
readily oxidized by horseradish peroxidase. However, in contrast 
to agroclavine and elymoclavine, this reaction provided a complex 
mixture of products which consisted largely of non-ergolines and 
only small amounts of l.U1stable ergolines which could not be 
isolated and characterized. Several observations suggested that 
oxidation was occurring primarily at C-IO as in the tetracyclic 
alkaloids and that an unstable la-hydroxy derivative was fonned. 
The ease of decomposition of this key intennediate in ergoline 
biosynthesis suggested, however, that peroxidase I11..1.y be more 
important in the biological degradation and lack of accumulation 
of ergolines than in their biosynthesis. 
Chanoclavine- I -aldehyde was rather unexpectedly fotmd to 
be resistant to the action of peroxidase. For this reason, 
attempts were made to synthesize and determL~e the effects of the 
8 
enzyme on its tetracyclic analog, 6. -lysergaldehyde. All efforts 
to prepare this compound from elymoclavine resulted in failure as 
they had earl for other investigators. However, these studies 
did result in the development of a three step synthesis of lyser 
glC :1cid methyl ester from clymoclavine in an overall yield of 
approximately 30%. This is the first successful attempt to 
ccnvort an ergot clavine to a lysergic acid derivative in reason-
able yield and the results indicate that the method can be used 
to synthesize a variety of other lysergic acid derivatives. 
v 
An unidentified "ergo line acid" had been previously reported 
as the major alkaloid in the seeds of Ipomoea violacea var. 
"Pearly Gates." Several things suggested that this my be a 
chanoc1avine acid derivative. The alkaloid was isolated from 
the seeds of this plant in about 0.01% yield and was character-
ized as chanoclavine-I-acid. The compound was also synthesized 
from chanoclavine-I using a modification of the procedure used 
for the synthesis of lysergic acid methyl ester. Chanoclavine-
I-acid was also detected in the seeds of I. violacea varieties 
"Heavenly Blue" and "Flying Saucers" but not in those of 
Argyrei~ nervosa which suggests that it may be of value in the 
chemotaxonomy of the Convolvulaceae family. The alkaloid was 
also found in small amounts in a strain of Penicillium islandicum 
along with chanoclavine-I and the previously reported rugulova-
sines. Interestingly, chanoclavine-I-aldehyde was also detected 
in cultures of this organism. This is the first time that this 
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'The Ergot Alkaloids 
Ergot is the dark brown sclerotia of the fungus 
pU!1Jurea (Fries) Tulasne which parasitizes on the grain of rye 
1 and other grasses. The infected grai:~ls have been the cause 
of several mass poisonings in Central Europe during the rUddle 
Ages known as liSt. Anthony's fire" or "holy fire". Today 
ergot poisoni.Tlg has been reported occasionally, mainly in 
cattle gra:ing ClaviccEs infected grasses. 2 TIle phannaco-
logical activities of ergot were recognized early and the crude 
ergot e:<tra::;t was first used in childbirth for the treatment 
of pustpartum hemorrhage. Currently several ergot alkaloids 
are employed clinica11y, such as ergotamine in the treatment 
f · . d' . . b . 3 1~ 0- mIgraIne an ergonovme as an OXytOXIC III 0 stetrlCS. ne 
discovery of the psychotropic effect of lysergic acid diethyl-
amide (LSD), the prototype hallucinogen, contributed largely 
to the development of psychophannacology. The potencial of 
the ergot alkaloids ir. the treatment of prolactin-related 
4 5 cancer and as antifertility agents has recently be-cn 
investigated. 
2 
lbe ergot alkaloids arc derivatives of ergolinc and can 
be dividl,::d into two groups based upon thc oxidation stage of 
C~17 (Figurc 1). The lysergic acid derivatives show a broad 
spectrum of phannacological effects and are of great clinical 
importance. 6 Mast of the known naturally occurring clavine 
alkaloids, :in which C~17 is either methyl or hydroxymethyl, 
are shown in Figure 2. Al though the clavine alkaloids have 
been of little clinical importance they are pha.IT'acologically 
activel and of considerable biogenetic significance. 
The ergot alkaloids have been isolated mainly from 
Claviceps_ species, however, some ergolines have also been 
fOWld in other fungi. Festuclavine, agroclavine, el}~o-
clavine, chanoclavine-I, fumigaclavine A and B were isolated 
7 from Aspe!gillus flunigatus.· Isoflunigaclavine A and B were 
isolated from Penicillium roqueforti8 and costaclavine from 
Penicillium chennesinum Biourage. 9 Chanoc1avine- I, rugulo-
vasLllc A and B were isolated from Penicillium concavo-rugulo-
vasurnlO and recently rugulovasLl1e A and B were fOlmd in 
Penicillium ~slandicum.ll Beside the fungi, ergolines have 
also been fotmd in higher plants of the Convolvulaceae family. 
Chanoclavine-I, erginc and isoergine were isolated from the 
Aztec drug, ttOloliqui" (Riven corymbosa).12 Later studies 
indicated that at least twenty-one ergo lines occur in at least 
fi ',re genera of Convolvulaceac. 13 Cycloclavine, the only 








Clavines Lysergic acid derivatives 
3 
(R = B or OIl) eR = OB, !\ll-Iz' simple amines 
or cyclic p6ptide) 
Figure 1. Classification of the Ergot Alkaloids 
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Figure 2. Continued 
5 
isolated from Ipomoea h-ildebrandtii Varke. 14 The taxonomy 
of the Convol vulaceae is presently quite lUlsettled 15,16 and 
ergo lines may prove to be valllD.ble chemotaxonomic tools in 
17 18 these pl<mts. " 
The commercial production of the ergot alkaloids has 
posed a prohlem for a munber of years. The main source of 
ergot alkaloids is from field-cultivated ergot, however, 
fennentative production of ergot alkaloids has recently 
6 
been developed. The production of ergot alkaloids by sapro-
phytic culture was first achieved for the clavine alkaloids 
by Abe et al. 19 Arcrunone in 1960 developed the first 
practical fermentation procedure for lysergic acid-a-hyc1roxy-
ethyl amide by a strain of Claviceps paspali. 20 Later high 
yield fennentative production of 6S,9-lysergic acid (paspalic 
acid) by a strain of Claviceps pa5~li, 21 and ergotamine and 
other peptide alkaloids by various strains of Claviceps 
purpurea were also developed. 22 However, these strains which 
produce lysergic acid derivatives are lUlstable orgrulisms Wllich 
are difficult to maintain and tend to lose their alkaloid-
d · b' 1 • • h . 23,24 pro uClng a l..l.lty 1n a sort tJ.me. The clavine-produc-
ing strain Claviceps Fusiformis SD 58 is at this time the 
only stable strain whid1 ca.'1 consistently produce high yields 
of alkaloids (mainlyelyrnoclavine) and is ea5Y to mainta.in. 25 
Nlunerous attenq)ts to convert the readily available clavines to 
the connnercially important lysergic acid derivatives have 
26 27 been lUlSuccessful. ' 
7 
1bus, there has been a great deal of scientific interest, 
both basic and applied, in ergot and ergot alkaloids from the 
standpoint of their pharmacolob~' toxicology, biogenesis, 
occurrence and production, and possible use as taxonomic tools. 
Objectives 
The ergot alkaloids have been one of the most widely 
studied groups of "secondary metabolites" in tenns of their 
biogenesis and the basic biosynthetic pathways have been 
well-established. However, there are many details of ergo-
line biosynthesis that remain to be determined if the 
occurrence and function of these compounds in nature is to 
be understood. 
The basic pathway of ergo line biosynthesis may be 
slmmarized as follows: tryptophan + F.3valonic acid + 
methionine ---4 chanoclavine - I ----tJ chanoc1avine- I -aldehyde 
- agroclavine - elymoclavine -- lysergic acid 
derivatives. 28 In addition, there are many "branches" which 
give rise to the various clavine derivatives illustrated in 
P' .., 28 19ure t. 
It is apparent that most of these compounds can be con-
sidered to be derivatives of chanoclavine-I, agroclavine, 
and clymoclavine. While a great deal is known about the 
"branch metabolism" of agroclavine and elymoclavine, that of 
chanoclavine-I is not well understood. The structural 
similarity between chanoclavine-I, agroc]avine, and 
8 
elymoclavinc would suggest that these COlnpOWld.s might have 
similar "brunch metabolism" but, while this has proved to be 
largely true for agroc1avine and elymoclavine, it has not 
appeared to be the case for chanoclavllle-I. For example, 
agroc1avine and elymoclavine are both biologically29 and 
chemically30,31 readily converted to the 8-hydroXY-ll9 -deriv-
atives setoclavme/isosetoclavine and pe1Uliclavrne/isope1Uli-
c1avine, respectively (Figure 2). Earlier studies have 
suggested that peroxidase enzymes may be responsible for the 
biosynthesis of these oxidized alkaloids via unstable 
10-hydroxy intermediates as well as several other minor 
ergolines. 32 ,33,34 However, the oxidized derivatives of 
chanoclavine-I comparable to those obtained from agroc1avine 
and clymoc1avine have not been observed in nature nor obtain-
able in the laboratory. On the other hand, the biosynthesis 
of rugulovasines (Figure 2), the major alkaloids recently 
. 1 d f . P . . 1] . . 10,11 1d ISO ate rom certam enl<:2:....2Ulll speCIes COll con-
ceivably involve lO-hydroxy1ation of chanoclavine-I deriva-
tives as one step in Lheir biosynthesis. It is thus of 
interest to determine the effect of peroxidase on chanoclavine 
derivatives and mOTe about its possible roles in the meta-
bolism of the ergo line alkaloids. 
Another interesting diffe!'cnce between chanoclavine- I 
and elymoclavine involves their respective aldehydes. 
Chanoc1avine-I-aldchyde is readily obtained in the laboratory 
by the oxidation of chanoclavine-I. 35 Based upon feeding 
9 
experiments with labeled chanocJavinc-I-aldehyde,35 this com-
pound is believed to be a major intermediate in the biosyn-
thesis of ergoline~ even though it has not been found in nature. 
The aldehyde of elymoclavine, 6 8 -lysergaldehyde, has also long 
been thought to be an important biosynthetic intermediate36 
but it too has not been observed in nature. Attempts to syn-
thesize this compound from elymoclavine have been unsuccess-
ful. 26,27 It is therefore of interest to develop a synthesis 
for b, 8 -lysergaldehyde and to determine its susceptibility to 
peroxidase oxidation. Another reason for synthesizing this 
compound is that this could be an important step in the long-
sought conversion of clavines to the lysergic acid derivatives. 
An importa~t aspect of understanding the metabolism of 
chnnoclavine-I is the isolation and identification of its 
derivatives in Ilature. In contrast to the tetracyclic ergo-
lines, many of which have been known for twenty years or more, 
most of the known secoergolines have been isolated within the 
past several years. It is likely that there are a number 
of naturally-occurring ergolines that remain to be uncovered. 
For example, Taber et al. 37 reported that the major alkaloid 
of Ipomoea violacea is not a typical ergoline but rather a 
water soluble "ergo line acid". The characterization of this 
compound is of interest for several reasons including the 
information it may provide concerning the biogenesis of 
ergoljnes. 
111e major objectives of this study may therefore be 
s1.munarized as follows: 
1. To study .the effect of horseradish peroxidase on 
chanoclavine-I and chanoclavine-I-aldehyde. Horseradish 
peroxidase has been selected for this purpose because it is 
10 
a typical peroxidase which is readily available from conuner-
cial sources. Chanoclavine-I and chanoclavine-I-aldehyde are 
chosen because they are key biosynthetic intermediates and 
may be obtained by a fairly reasonable combination of biosyn-
thetic and laboratory methods. The information gained from 
these studies should be, at least in part, applicable to other 
chanoclavine derivatives (e.g., isochanoclavine-I) which are 
less readily available. 
2. To attempt the synthesis of ~a-lysergaldehyde from 
elymoclavine. 
3. To attempt the isolation and characterization of the 
"ergoline acid" previously reported as the major alkaloid in 
the seeds of Ipomoea violacea. 
It is anticipated that results of these studies will pro-
vide impoT'tant new infonnation relating to the biosynthesis 
of the ergot alkaloids and the possible roles of peroxidase 
in this process. Furthennore, this information may be of value 
in rel.ation to th0 production and use of the ergot alkaloids 
for other scientific and medicinal purposes. 
CHAPTER II 
REVIEW OF TIffi LITERATURE 
Biosynthesis of the Ergo-
line Nucleus 
The biosynthesis of ergot alkaloids has been the subject 
of numerous reviews by Tyler,38 Winkler and Groger,39 Wegand 
and Floss,40 Agurell,4l TIlomas and Bassett,42 ruld~ recently 
by Floss. 28 
4'" In 1953 van Tamelen .) postulated that 5-hydroxytryptophan 
and dihyclronicotinic acid derivatives could be condensed to 
give lysergic acid. Harley-Mason44 suggested that 5-hydroxy-
tryptophan condensed with acetone dicarboxylic acid and fonn-
aldehyde to form the ergot alkaloids. Wendler and Feld-
stein45 ,46 proposed that tryptophan which fanned a three 
member ring condensed with citric acid or a ketoglutaric 
acid to form the Dring. Robinson47 felt that tryptophan 
condensed with succinic acid and fonnaldehyde. Plieninger48 
considered that prephenic acid and an active methylene com-
49 pOillld were the probable precursors. ,Mathes et_ aL and 
Birch50 proposed that tryptophan condensed with an iso-
prenoiJ unit and subsequent studies showed this hypothesis 
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Figure 3. Origin of the Ergoline Nucleus 
12 
13 
The early feeding experiments to establish tryptophan as 
a precursor by administration of non-labeled tryptophan to 
11 · 1· 51,52,53 ergot were genera y Inconc USlve. 'file first radio-
tracer studies in which tryptophan- 14C was injected to the 
ergot infected rye plall.ts also gave uncertain results. 49 ,54 
However, Groger, Wendt, Mothes and Wegand55 conducted radio-
tracer experiments in saprophytic cultures of Claviceps 
strains and demonstrated the incorporation of tryptophan-s- 14C 
into elymoc1avine. The incorporation of tryptophan was later 
confinned by other groups for both clavines and lysergic acid 
1 · . 56 57 58 cerlvatlves. ' , 
The incorporation of the second postulated precursor, 
an isoprenoid unit, was demonstrated by several groups 
simultaneously, using feeding experiments with labeled meva-
lonic acid. 59 -6l It was also shown that the C-17 of agroclav-
ine and elymoclavine are derived from C-2 of mevalonic aCid,62 
and the carboxylic group is not incorporated. 63 
Baxter et a1. 64,65 established that the precursor of the 
N-methyl group is methionine. Methionine-methyl-14c,3H was 
incorporated into clavines without change in the 3H/14C ratio 
indicating that the N-methyl group was introduced by a trans-
methylation reaction. 
Plieninger,116 Agurell, 41 a.Yld Baxtor67 suggested that thE.' 
isoprenylation of tryptophan at the 4-position may be the 
first step toward the tetracyclic ergolines. 1110 postulated 
14 
intcTInediate, dimethylallyl tryptophan CD, loiUS synthesized 
by Plieningcr68 and feeding experiments showed good incorpor-
ation of this compound into elymoclavine. 69 This was con-
f · d· . f . bPI" 70 d 'lrme In a serles o· experlments y lenlnger an 
A!,'1lrell. 71 Later this compound was isolated from saprophytic 
cultures of ergot by Agurell et a1. 72 and Robbers et a1. 73 
together with the enzyme dimethylallyltryptophan synthetase. 74 
Thus, the fonnation of dimethy1ally1 tryptophan CD has been 
established as the first step in the ergo line biosynthesis. 
Chanoc1avine-I (1) was first isolated by Abe and 
Yamatodani75 in 1955 as "alkaloid X" which occurred together 
with festuclavine, agroc1avine, and elymoc1avine in ergot from 
the Japanese grasses of Agropyrum, E1ymus and Phragmi tes 
species. In 1959, Abe et a1. 30 characterized the compound 
and named it "secaclavinel!. Hofmann et a1. 31 isolated "chano-
clavine" from saprophytic cultures of a Claviceps strain 
obtained from Pennisetwll typhoideum Rich. Later it was 
found that "secaclavine" and "chanoc1avine" were identical 
to chanoclavine-I (1) isolated in 1964 by Stauffaucher and 
Tscherter76 together with isochanoclavine-I (~ and chano-
clavine- II from C1aviceps purpurea (Fr.) 1111. The assign-
ment of the structure and stereochemistry for chanoc1avine-I 
(1) was confirmed by its synthesis from elymoclavine (Il by 
Acklin et al. 77 in 1966 (Scheme 1). A total synthesis of 
(:0 -chanoclavine- I has recently been reported by Plieninger 

















'flle carly studies by Agurcll and Ramstad and by Baxtcr 
et a1. 80 suggcstcd that chanoc1avinc was neither a prccursor 
nor a mctabolitc of thc tetracyclic ergolines. Mothes and 
Winkler reported the conversion of elymoclavinc (3) to chano-
c1avine by sclerotia of Claviccps ~!J?urea and suggested that 
chanoclavine arose from the tetracyc1ic crgolines. However, 
in feeding experiments with labeled tryptophml, Floss et al. 82 
found that the isolated chanoc1avine- I OJ had a higher spe-
cific radioactivity than the tetracyclic ergo1ines. He sug-
gested that these conflicting results were due to the use of 
different isomers of chanoclavine. The chanoc1avine used in 
Agure11 and Ramstad's experiment was probably chanoc1avine-
II.28 Later experiments with pure isomer indicated that 
chanoclavine- I CD is a very efficient precursor of tetra-
1 · l' 28 eyc lC ergo IDes. 
From the tracer experiments with chanoclavlllc-I Cl), 
Floss et a1. 82 found that one of the methylene hydrogen atoms 
was lost during D-ring closure. The 17-3H-chanoclavine-
aldehyde C~ was synthesized and its specific rate of incor-
poration into elymoc1avine C~ was found to be 40% as com-
pared to 1096 for chanoclavine- I CD. 35 Ogunlana et al. ,83 
Groger et al.,84 and Floss et a1.,28 have demonstrated 
"chanoclavine cyclase" in some ergot strains which catalyzes 
the cyclization of ch~moclavine- I CD and chanoc1avine- I-
aldehyde (~) to the tetracyclic ergo1ines. It thus appears 
17 
that chanoclavine- I -aluehyde C~) is an intenncuiate between 
chanoclavine-I CD and the tctracyclic ergo lines even though 
this cOffi'~oi.IDd has not been reported in nature. Thus, the main 
patIn'laY of ergoline biosynthesis may be sununarized as shown 
in Scheme 2. 
Tet~~clic Clavines in 
Ergoline Biosynthesis 
Abe et a1., 85 in 1952, isolated agroclavine CQ) from the 
ergot of the grass Agrop~ semicostatum and elymoclavine (~) 
from the ergot of Elymus moll is . Agroclavine (Q) and elymo-
clavine C~ were the first of the now more than forty known 
clavine alkaloids. In general, agroclavine CQ) and e1ymo-
clavine Cl) are also the major alkaloids found in most clavine-
producing organisms. Agroclavine C~ has been converted to 
e1ymoc1avinc C~ by various Claviceps species,86,87,88 by a 
80 
mammalian microsomal system, - and more recently by "agro-
davine hydroxylase" isolated from several ergot strains. 90 
The conversion of elymec1avine C~ to lysergic acid deriv-
atives by Clavice~ strains has been demonstrated by Mothes 
91. 26 92-96 et a1. and later conflrmed by several other groups. ' 
Thus, although the detailed sequence of steps involved in the 
conversion of elymoc1avine C~) to the lysergic acid deriv-
atives has not been fully elucidated, agroclnvine (Q) and 
elymoclavine (~) have been established as the key inter-


















The extensive studies of Agure11 and Rrunstad29 ,97 have 
established that most of the tetracyclic c1avines are meta-
bolites of agroclavine (~ and elyrnoc1avine (l) (see Figure 2). 
While the fornmtion of ergoline nucleus appears to be highly 
restricted in nature the ability to metabolize these 68 -ergo-
lines, particularly to their oxygenated derivatives, is found 
among many organisms. The conversion of agroclavine (~) 
and/or elyrnoc1avine CD to their respective 8-hydroxy-69 -
derivatives, setoclavine (lO)/isosetoclavine (11) ruld penni-
clavllle (12)/isopenniclavine (ll), has been demonstrated 
in a variety of fungi that do29 ,97 and do not98 ,99,100,101 
produce ergolines as well as in higher plants. 102 This con-
version is also readily effected by chemical oxidation with 
dichromate and pernmnganate (Scheme 3).31,85 
SCHEME 3 
OH 
700 e 15 min. 
N 
H 
~, R=lI 10, R := II(53%) 11, R = H(12%) 
3, R = OB 12, R = OH(7%) 13, R = OH(O.2%) 
20 
In 1962, Agurell ot a1. 32 proposed a mechanism to account 
for the metaholism of agroclavine (Q) and e1ymoc1avine (~ 
(Scheme 4). 
2., R = H 
l, R = OH 
SCHEME 4 
!!, R :: H 
~, R = OH 
10, R:: H 11 , R:: H 
12, R:: OH 13, R:: OH 
Abstraction of the allylic hydrogen would provide the C-lO 
carbonium ion (or free radical) which could be hydroxylated 
to give the lO-hydroxy derivatives or rearrange to give the 
8-hydroxy derivatives. The fact that lO-hydroxy compounds 
have not been found in nature was attributed to their sus-
pecteJ. instability. Similar allylic oxidation at C-17 was 
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propos cd to accotmt for the oxidation of agroclavine (Q) to 
elymoclavine (Il and elymoclavinc (Il to lysergic acid deriv-
atives. It was suggested that peroxidase or oxygen transferase 
enzymes may be responsible for thcse reactions. 
Peroxidase in Ergoline 
Biosynthesis 
The fact that many different organisms can effect the 
C-8 oxidation of agroclavine (Q) and elymoclavine (3)made the 
peroxidases likcly candidates for study. The most common 
peroxidases are ferriprotoporphyrin enz:Y.ffies which have been 
detected in most plants and animals as well as many micro-
organisms. Peroxidases are found primarily in the roots and 
sprouts of higher plants and the enzyme from horseradish roots 
h b d f ' d' f 'd .. 103 as een use most 0 ten In stu les 0 peroxl ase actlvlty. 
The n~in activity of peroxidases is to reduce tile substrate 
hydrogen peroxide to water. They are not highly specific in 
that they catalyze one electron oxidations of many electron 
donors, including phenols, primary amines mld other com-
pounds. l03 ,104 Horseradish peroxidase has a molecular weight 
of about 43,000 and one heme group per moleculc. It reacts 
with peroxide to give a series of consecutive complexes, 
designated complex I, II and III, which have characteristic 
absorption spectra. The general reaction of horseradish 
peroxidase is shown in Figure 4. 105 
(HRP) 7 (I) 7\' (II) 
ROOH DlI· 
ImP = horseradish peroxidase 
ROOH = peroxide 
DHZ = one electron donor 
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7"'\ · (HRP) + ROIl 
DB' 
Figure 4. General Reaction of Horseradish Peroxidase 
Johanssonl06 studied the peroxidase activity in several 
strains of ClaviceEs purpurea, in relation to the ratio of 
agroclavine (2.) and elymoclavinc (ll. His results suggested 
that peroxidase might be involved in the conversion of agro-
clavine (2.) to elymoclavine (ll. Taylor et a!..102 found 
that homogenates of peroxidase-containing higher plants, in-
cludulg an ergoline-producing morning glory, catalyzed the 
oxidation of agroclavine (2.) and elyrnoclavine (~ to their 
8-hydroxy-~9-derivatives in the presence of hydrogen 
peroxide. Later studies by Shough and Taylor,34 Pong,107 and 
Lin ruld Rarnstad33 using horseradish peroxidase verified the 
peroxidase oxidation of agroclavine (~ and clymoclavine (3) 
(Scheme 5). The isolation of lO-hydroxyergolines which 
readily rearranged under mild acidic conditions to the 
corresponding 8-hydroxy-~9-ergolines supported the earlier 
proposal that these compounds were biogenetic intermediates. 
lbe formation of lO-hydroxy-S,9-epoxy derivatives was an 
interesting finding and 'some evidence was obtained that at 
9 R=H 
3 R == OH 
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scm:J>ffi 5 
14. R = H (8%) 15. R = H (10%) 
16. R = OH (0.6%) 17. R == OH (0.8%) 
1 
H 
10. R == H (14%) 





13. R == OB (trace) 
24 
1 ~}" b I' f 108 N east one ot t lese 1S a nunor meta 0 :lte 0.' ergot. 0 
oxidation of the C-17 of either agroclavine (~ or elymo-
clavine (l) was observed. These results led the authors to 
conclude that peroxidase may be involved in the branch 
metabolism of the 68 -clavines but is not involved III the main 
pathway of agroclavine (~) ---+. elymoclavine (l) 
lysergic acid derivatives. 
Jindra et al. 88 found that Claviceps strain SD 58 con-
tains large amounts of catalase but little peroxidase. They 
suggested that catalase rather than peroxidase activity might 
have been measured in the earlier studies of Johanssonl06 and 
that peroxidase is not involved in the conversion of agro-
clavine (9) to elymoclavine (~). Bajwa and Andersonl09 have 
also suggested that the fonnation of setoclavine (10) and 
isosetoclavine (11) in Claviceps strain SD 58 may be non-
enzymic. They found that a cl~de extract of the mycelium of 
SO 58 after boiling can still oxidize agroclavine (~ to seto-
clavine (10) and isosetoclavine (11) as can a thioglycolate-
iron (II) oxidizing system. Thus, the role of peroxidase 
in ergoline biosynthesis is still not clear although it 
appears definitely not to be involved in the oxidation of C-17 
of agroclavine (9) and elymoclavine (l). 
Laboratory Oxidation of 
the 68 -Clavines 
As noted previously, agroclavine (Q) has been converted 
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to e1ymoclavine (.;D by various f1aviceps species,86,87,88 
by a mammalian microsomal system89 and recently by "agroc1avine 
hydro:x.y1ase" isolated from Claviceps_ purpurea. 90 No non-
biological conversion of agroclavine (~ to elymoc1avine (.;D 
has been reported. The conversion of elymoc1avine (~ to 
lysergic acid derivatives has also been demonstrated in a 
variety of Claviceps species and b,,8-lysergaldehyde (18) and/or 
b,,9-1yserga1dehyde (19) have been proposed as intermediates. 95 
However, neither of these aldehydes has been found in nature 
and the attempts to synthesize them has been unsuccessful. 26 
Llll et al. 26 reported the oxidation of elymoclavine (.;D by 
DMSO/acetic anhydride (Scheme 6). Instead of the expected 
b"B-lysergaldehyde (18), the enol acetate of b,,9-lysergaldehyde 
(20) was obtained and attempts to hydrolyze this compound to 






Because of the commercial importance of the lysergic 
acid derivatives, the chemical oxidation of the readily avai1-
able e1ymoc1avine (~ to lysergic acid derivatives has re-
ceived extensive attention. 26 ,27 However, the hydroxymethy1 
group of elymoc1avine (~) has proven to be extremely resistant 
to most of the usual oxidizing agents and in most cases the 
8-hydroxy1ation products, pennic1avine (12) and isopenni-
c1avine (13) were the only defined oxidation products. 31,85 
Recently Eich et a1. 27 reported the first synthesis of lyser-
gic acid (21) from elymoclavine (~ (Scheme 7). On the 
Oppenauer oxidation elymoc1avine (~ was treated with Al-tert-
but oxide in toluene and small amount (0.2%) of lysergic acid 
(21) was obtained. Lysergic acid (21) and dihydrolysergic 
acid (25) were also obtained in trace amounts from the oxida-
tion of 1ysergo1 (26) and dihydrolysergo1 (27), respectively. 
Thus, the conversion of e1ymoc1avine (~ to lysergic acid 
derivatives in reasonable yield has yet to be attained. 
Chanoc1avine Derivatives 1TI 
Ergo1ine Biosynthesis 
In recent years a number of 6,7-seco-ergo1ines including 
pa1ic1avine,110 rugu1ovasines,111,112,113 and others l14 ,ll5 
(see Figure 2) have been isolated from a variety of sources. 
Based upon structural considerations most of these would not 
be expected to be intermediates ·in the lnajor pathway of ergo-
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be the case. 110 1bey arc probably branch metabolites of 
various chanoclavines, but this remains to be verified. Con-
sidering the structural analogy between chanoclavines and 
tJ. 8 -tetracyclic c1avines, agroclavine (9) and elymoclavine 
(3), it is interesting that no 8-hydroxy-~9-derivatives of 
the chanoclavines have been observed in nature. 
Rugulovasine A ffild B were isolated together with chano-
clavine-I (!) from Penicillium concavo-rugulovsu~ by 
Yamatodani et al. lll and recently Cole et al. 112 ,113 isolated 
rugulovasines and chlororugulovasines from Penicillium 
islandicum. 1be structure of rugulovasines (Figure 2) 
suggested a close relationship with chanoclavines, e.g., 
rugulovasine A with isochanoc1avine- I CD. 1bus, lO-hydroxy-
isochanoclavine-I-acid way be speculated to be the precursor 
of rugulovasine A. 1be formation of this postulated precur-
sor would require oxidation of both the hydroxymethyl group 
and C-lO of a chanoclavine derivative. Free "chanoclavine 
acids" have not been observed in nature but it is of interest 
that ~8-lysergic acid (paspalic acid) has been found in 
Cl . l' 21 aVlceps pa~p~~: Likewise, lO-hydroxychanoclavines have 
not been isolated but it is blOwn that lO-hydroxylation occurs 
in the peroxidase oxidation of agroclavine (~ and elymo-
clavine (~. 1bus, the determination of the occurrence of 
chanoclavine acid derivatives in nature as well as the effect 
of peroxidase on chanoclavine derivative is of interest in 
this respect. 
Taber et al. 37 reported that the major alkaloid in the 
Ipomoea violacea ("Pearly Gates") seeds was a new "acidic 
clavine a1kaloidll which they designated as "compound A". 
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Their determination of the alkaloids in the "Pearly Gates" seeds 
showed that chanoclavine- I 0) has the highest concentration 
(about 10%) among the identified ergolines and the combination 
of "compound A" and tryptophan comprised more than 50% of the 
total alkaloids. These quantitative data along with exclusion 
of t/' - and A 9 -lysergic acid suggested that tlcompound All could 
possibly be a chanoclavine acid derivative. 
In a study on the microbial transformation of ergo1ines 
by some bacterial cultures, Abou-Chaar et al. 11S found that 
chanoclavine-I (1) was converted by Streptococcus faecalis 
strain AUB 179 to an Ehrlich-positive, non-fluorescent com-
pound designated "alkaloid Btl. The IR spectnnn of "alkaloid 
B' showed the presence of a carbonyl group at 1670 cm- l which 
was absent from the IR spectrum of c:hanoc1avine- I. tlAlkaloid 
~'wassuggested to be the C-17 acid derivative (28) of chano-
c1avine-I (1) on the basis of this limited data (Scheme 8). 
It is of interest in this respect that the solubility of 
"alkaloid B" (i.e., chloroform extractable) is certainly not 
what would be expected for chanoclavine-I-acid (~. 
The hyd:roxymethy1 group of chanoclavine- I (1) is rather 
easily oxidized to the aldehyde. Fehr117 reported that the 
oxidation of N-acetylchanoc1avinc-I (23) with Mn02 in acetone 
1 







at room temperature for 5 hrs gave N-acetylchanoclavine-I-
aldehyde (24) in 80% yield (Scheme 9). Naidoo et al. 35 found 
the oxidation of chanoc1avine- I Q) with rvm02 in acetone at 
room temperature was unsuccessful, however, upon refluxing 
in acetone for 45 min chanoclavine-I-aldehyde (~ was obtain-
ed in 50-60% yield (Scheme 10). In general, however, chano-
clavine-I (!) appears to be quite unstable to most common 
oxidants. 
V 0 d K 0 118 0 0 d h °d' f h Olgt an elpert lllvestl.gate t e OXl atlon 0 c ano-
clavine-I (!) with a variety of oxidizing agents. Permanga-
nate and dichromate, which give rise to the 8-hydroXY-6 9 -
derivatives with agroclavine (9) WId elymoclavine (~, caused 
extensive decomposition of Chwloclavine-I C!) and no defined 

















acetone at 50°C a single major oxidation product was observed 
but it was found too llllstable to be isolated. With mercuric 
acetate in glacial acetic acid at 85°C, most of the chano-
clavine - I CD was decomposed vIi thin 1 hr. However, bes ides 
a small amOlmt of O-acetylchanoclavinc- I C~, a compound 
32 
designated as "Ch-O" was obtained in truce amOlmt. Based 
upon the mass spectnnn, which showed a molecular ion of 
mle 270, this compound was suggested to be chanocluvinc-I-
acid (28). Trace amounts of two other oxidation products, 
"compolUld X2" and "compound F", were also isolated and based 











111e yield of these products was in each case less than 1% and 
their identity remains speculative. 
In spite of the great interest in the chemistry and bio-
chemistry of the chanoclavines over the past ten years, 
studies have been hampered by the limited availability of 
these compoWlds and their analogs from both natural and 
synthetic sources. The approach to be taken in this investi-
gation has not been used for the study of the chmloclavines 
and is expected to provide new information concerning the 
chemistry mId biochemistry of these interesting alkaloids. 
rnAPTER III 
RESULTS AND DISCUSSION 
Peroxidase Oxidation of 
~anoclavine Derivatives 
The suggestion that peroxidase may be involved in the 
biosynthesis of 8-hydroA~ ergolines 32 was followed by in-
vestigation of the peroxidase oxidation of the two primary 
clavine alkaloids, agroclavine (9) and elymoclavine (l).33,34 
Beside the expected 8-hydroxy clavines, the previous proposed 
intermediates- lO-hydroxy-1',8-clavines--were obtained from 
the peroxidase oxidation and were found to rearrange to 8-
hydroxy-1',9- cl avines under mild acidic condition, as expected. 
Several other novel alkaloids were also formed by the action 
of peroxidase on agroclavine (9) and elymoclavine (l). The 
fruitful results of these studies on the tetracyc1ic clavines 
prompted this study of the peroxidase oxidation of the tri-
cycli.c chanoclavine derivatives, especially chanoclavine-I 
(~) which has been shown to be a key intermediate in ergot 
alkaloid biosynthesis. 
A series of preliminary experiments were conducted to 
determine if chanoclavine- I 0) is susceptible to peroxidase 
oxidation and, so, to learn something of the number and 
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nature of the oxidation products. For this purpose, methods 
similar to those employed in the studies of the peroxidase 
oxidation of agroclavine (~) 108 and elymoclavine (~) 107 were 
used. Chanoclavine-I (l) in small amoWlts (2 mg) was reacted 
tmder various conditions and extracts of the reaction mix-
tures were vistmlized by TLC under long-wave UV light and 
after spraying with Ehrlich reagent. Comparable reactions 
of agroclavine (2) and elymoclavine (~ were generally run 
for comparison purposes. While the results of these pre-
liminary studies were somewhat encouraging, there was little 
question that peroxidase oxidation of chanoclavine-I (1) was 
not totally analogous to that of agroclavine (2) and elymo-
clavine (~). 
Chanoclavine (l), like agroclavine (~) and elymoclavine 
(3), was fotmd to be readily oxidized by horseradish peroxi-
dase in the presence of the added hydrogen peroxide. TIle 
reaction was inhibited by catalase and did not occur in the 
absence of either the enzyme or hydrogen peroxide indicating 
that the conversion was enzymic in nature. The reaction 
took place over a broad range of pH (3.2-6.8) but, as in the 
case of agroclavine (~) and elymoclavine (3), appeared to be 
"optimal" at pH 4.6 as judged by the amount of unreacted 
chanoclavine-I Cl) observed on the TLC plates. 
TLC examination of the chanoclavine- I reaction mixtures 
showed several notable differences as compared to those of 
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agroclavine (~ and elymoc1avine Q). Chanoc1avine-I (1) con-
sistently provided a single major Ehrlich-positive product as 
compared to the 3-5 distinctive products obtained from agro-
clavine (2) and elymoclavine (l0 (see Scheme 5). This com-
pOlIDd, designated "IC," was nonfluorescent, gave a faint green 
color with Ehrlich I s reagent and had an Rf of O. 33 in the CMA 
solvent system. A second Ehrlich-positive product, designated 
tl2C," occurred in smaller but distinctive amounts in reactions 
rtm under nitrogen. Close observation of the aerobic reaction 
mixture generally revealed small amounts of this compound. 
Compound "2C" was also nonfluorescent, gave a yellow-brown 
color with Ehrlich's reagent and had an Rf of 0.07 in the OvlA 
solVent system. Only traces of other Ehrlich-positive com-
pounds were observed in the reaction mixtures. No Ehrlich-
positive compounds with the distinctive blue fluorescence ex-
pected of the 8-hydroxy-~9-ergolines were observed in the 
reaction mixtures. The colors of compounds "IC" and "2C" with 
Ehrlich's reagent were not the characteristic blue or purple 
of most ergo lines but that of compound "2C" was similar to 
those of the 10-hydroxy derivatives of agroclavine (~) and 
elymoclavine (l0. These compounds produce a color rmlging 
from yellow to green, depending on their concentration, and 
typically the color gradually changes to a yellow-brown pre-
sumably reflecting reaction on the TLC plates catalyzed by the 
acidic spray reagent. As with tl2C," the 10-hydroxy derivatives 
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of agroclavine (~ and elymoclavine W were formed in lesser 
amounts in the aerobic reactions. The faint green color of 
"lC" is Wllike that of any krlown ergo line but is somewhat 
similar to that of the simple indole amines. 
These preliminary experiments verified the expectation 
that chanoclavine-I (1), like its tetracyclic analogs agro-
c1avine (~ and elymoclavine (l), is susceptible to oxidation 
by peroxidase. However, it appeared equally clear that the 
reaction of chanoclavine-I (l) was not totally analogous to 
those of the tetracyclic analogs, but that oxidation at C-lO 
was a distinct possibility. For this reason, preparative 
scale reactions were then carried out in an attempt to iso-
late and characterize compounds "lC" and "2C." 
The chanoclavine derivatives are in general less stable 
ds h} 1 · l' 117 I h 1" compoun t an t1e tetracyc lC c aVlnes. n t e pre lmln-
ary experiments, it was also noted that compounds "lC" and 
"2C" were often in reduced concentration or even absent from 
stored extracts of reaction mixtures suggesting that they are 
not very stable. For these reasons, all preparative scale re-
actions were worked up as rapidly as possible and all samples 
were stored at -SoC Wlder nitrogen when not in actual use. In 
spite of these precautions, attempts to isolate compounds "lC" 
anel "2C" from three different preparative scale (700 mg, 1 g 
and 1 g) reactions all failed (see Experimental). Chromato-
graphic examination of the reaction mixture extracts in each 
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case showed that chanoc1avine- I CD was virtually completely 
reacted. The weights of the reaction mixture extracts showed 
that most of the products were chloroform-extractable, but 
TLC examination suggested that they were mainly Ehrlich-
negative compounds. No attempts were made to isolate the 
Ehrlich-negative compounds, because spraying of the plates \\Iith 
sulfuric acid suggested a highly complex mixture, and these 
compounds, in any event, were not of immediate interest in this 
study. It is of interest that large amounts of Ehrlich-nega-
tive compounds were obtained in the peroxidase oxidation of 
agroclavine (lD (25-50%) and elymoc1avine (l) (50_75%.)107,108 
The results of the peroxidase oxidation of chanoclavine-
I (1) are similar in many respects to those of the study of the 
chemical oxidation of chanoclavine-I (l) by Voigt et al. 118 
They found that chanoclavine-I (l) was "decomposed" to many 
Ehrlich-negative compounds by potassium permanganate, potassi-
um dichromate, and sulfuric acid-hydrogen peroxide. Traces 
«1%) of four Ehrlich-positive oxidation products were isola-
ted following the oxidation of chanoc1avine- I Cl) by mercuric 
acetate. These compounds were all very unstable and none could 
be obtained in highly purified form. Based upon some IR and 
mass spectral data, they suggested that one of these compounds 
was O-acetylchanoclavine-I (6), one was chanoclavine--I-acid 
(28), and the others were chanoclavine-I-acid derivatives con-
taining an extra double bond. The chromic anhydride oxidation 
of chanoclavine- I (1) also resulted in a trace amount of an 
Ehrlich-positive product for which no structure was proposed. 
In the current study, chanoclavine-I (!) was oxidized with 
both mercuric acetate ,md chromic anhydride using the same 
118 procedure as Voigt et al., and extracts of the reaction 
mixture were compared to those of the peroxidase oxidation 
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of chanoclavine-I (1) by TLC. No compounds similar to "lC" 
or "2e' were fmmd in extracts from these chemical oxidations. 
Chanoclavine-I-aldehyde (~ was observed in the chromic an-
hydride reaction as the major product. 
Isochanoclavine-I (~) was synthesized by isomerization 
of chanoclavine-I (1),117 and the effect of peroxidase on 
this compound was determined as with chanoclavine- I C.D. It, 
too, was readily oxidized and TLC examination of the reaction 
mixture extracts revealed an Ehrlich-positive (faint green) 
product similar to "lC." The rapid disappearance of this com-
pound from the extracts suggested that it, too, was quite un-
stable. The effect of peroxidase on isochanoclavine-I (~ 
t.hus appeared to be similar to that of chanoclavine- I CD, and 
no further study was made of this compound. 
Chanoclavine-I-aldehyue (~ has been proposed as a key 
intermediate in the ergoline biosynthesis. It was, therefore, 
of interest to determine the effect of peroxidase on this com-
pound. Naidoo et al. 35 have reported the sy~thesis of 
chanoclavine-I-aldehyde (~ in 50% yield by manganese dioxide 
oxidation of chanoclavine- I C,!). Attempts to synthesize 
chanoclavine-I-aldehyde (~) by this method were not very suc-
cessful in our hands, however, for attempts to purify the 
product by preparative TLC resulted in some further decompo-
sition, and attempts to clystalize the aldehyde were unsuc-
cessful. However, using manganese dioxide (Clarke)119 ob-
tained as a by-product of the synthesis of argentic picolin-
ate, chanoclavine-I aldehyde (~) was obtained in virtually 
quantitative yield and could be crystalized directly from 
chloroform/hexane. 
The determination of the effect of peroxidase on 
chanoclavine-I-aldehyde (~ under the same condition as em-
ployed for chanoclavine-I (1) and isochanoclavine-I (~ gave 
rather surprising results. Chanoclavine-I-aldehyde (~ was 
totally resistant to oxidation by peroxidase. This strongly 
suggested that the effect of peroxidase on chanoclavine- I OJ 
and isochanoclavine-I (~) is on some portion of the dimethyl-
allyl group for the C-17 aldehyde would be expected to have 
little effect on reactions occurring in the indole nucleus. 
Chanoclavine-I-aldehyde (~ is like the tetracyclic ergolines 
with saturated D-ring, e.g., festuclavine (see Figure 2) in 
its lack of reactivity to peroxidase. lOS The C-17 aldehyde 
apparently renders C-lO less reactive to peroxidase, but this 
does not appear to involve enol formation, because the solu-
tion of chanoclavine-I-aldchyde (8) in the phosphate buffer 
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(pH 4.6) is nqt fluorescent, as expected of the enol. 
The determination of the action of peroxidase on 68 -
lysergaldchyde would help to clarify the effects of the C-17 
aldehyde on the reactivity of the ergolines to peroxidase. 
Attempts were, therefore, made to synthesize this compound. 
Attempted Synthesis of 
68 ,9-Lysergaldehyde 
Although 6S,9-lysergaldehyde has been proposed as an 
intermediate in the ergoline biosynthesis, this compow1d has 
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not been fow1d in nature, and previous attempts to synthesize 
, f 1 tI' 120 h "d h h lt were unsuccess'u. !alnes as pOlnte out t at t e 
conversion of primary alcohols to aldehydes in good yield is 
still a challenge for anything but the simplest substrates 
due to the slow development of the selective and efficient 
oxidizing agents. 
C 0 2 "d' 121 r 3- pyn lne, 
123-127 
others were 
A number of oxidizing agents, including 
, . I" 119 DJ.1S0,122 and argentlc P1CO lnate, l' 
tried in this study, but these either 
gave no reaction or simply caused extensive decomposition of 
elymoc1avine (~) to Ehrlich-negative compounds. 
Man d ' 'd 128-130 h b h "ld ganese 10Xl e as proven to e a rat er ml 
and selective oxidizing agent which has been used extensively 
for the oxidation of a,B-unsaturated alcohols to aldehydes. 
Active manganese dioxide has been prepared by several pro-
cedures which give reagents of different activity. An active 
and widely used reagent is provided by the method of Atten-
[ _-' ': • .;J >,' 
burrow ~t al.,128 which involves the precipitation of the 
reagent by mixing wann aqueous solutions of manganese sul-
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fate and potassium pennanganate under basic conditions. Re-
cently, Fatiadi130 has developed a method for the preparation 
of the very active manganese dioxide which involves the pre-
cipitation of the reagent by mixing the wann aqueous solu-
tions of manganese chloride and potassium pennanganate. 
The manganese dioxide (Attenburrm~) oxidation of 
elymoclavine CD in a series of solvents, including chloro-
fonn, benzene, carbon tetrachloride, ether, and ethyl acetate 
gave in each case unsatisfactory results. However, manganese 
dioxide (Attenburrow) oxidation in methanol provided a single, 
major Ehrlich-positive compound and only traces of other sub-
stances. The color reaction of this compound with Ehrlich's 
reagent was not the expected blue color such as is seen with 
chanoclavine I-aldehyde (§O. It gave initially a yellow-
brown color which gradually changed to green after several 
hours, similar to that of the 10-hydroxy derivatives of 
agroclavine (2) and elymoclavine (~. The reaction was re-
peated using 2 g of elymoclavine (~), and the product was 
isolated by column chromatography in 55% yield. The IR 
spectra of this compound showed the expected carbonyl ab-
-1 
sorption at 1680 cm . The mass spectra shm~ed a molecular 
ion of 282, corresponding to a molecular formula· 0 f 
ions at m/e 180, 167, 154 which are charactieristic of ergo-
lines. Comparison of the NMR spectra (OJC1 3) with that of 
elymoc1avine (~ revealed the absence of the -CH20H signal 
at 04.45 ppm and new absorption at 69.67 ppm verifying the 
C-17 aldehyde. A three proton singlet at 83.33 ppm (-OCH3), 
together \vi th the absence of an M_113l , 132 peak in the mass 
spectrum indicated a 10-methoxy group, and the structure was 
tentatively assigned as lO-methoxy-.0,s,9-lysergaldehyde. 
During the course of this work, Kornfeld et al. 133 reported 
the synthesis of 10-a-methoxy-.0,8,9-lysergaldehyde from 
lysergic acid methyl ester (Scheme 12). An authentic 
sample133 of this compound was obtained and found to be 
identical in all respects to the oxidation product. 
While our attempts to synthesize .0,8,9 lysergaldehyde 
were unsuccessful, it was recognized that the manganese di-
oxide oxidation of elymoc1avine (3) may represent the first 
step in the conversion of ergot clavines to lysergic acid 
derivatives. This has been of interest for many years be-
calLse of the commercial importance of the lysergic acid de-
rivatives and the relative ease of producing the clavines in 
saprophytic culture. Since it was expected that 10 .. methoxy 
group could be removed with relative ease by zinc and acetic 
. d 133 h bi . d ff th . da' f t} aCl, t e pro em rername to eect e oXltlon 0 - le 
C-17 aldehyde to the acid derivatives. Attempts to oxidize 







pennanganate and sil ver oxide were tIDsuccessful. However, 
Corey et al. 134 had reported a high-yield synthesis of car-
boxylic acid esters from a,S-tIDsaturated aldehydes by man-
grulese dioxide oxidation in methanol in the presence of 
sodium cyanide (Scheme 13), and this method proved success-
ful. 
SCHEME 13 
'C=C"""""" CN :;:C=C /CN 
/' 'CHO 'CH 
'OH 
1 MlO2 
'c=c"""""" MeOH 'c=c'/ 
,/ 'COOCH / 'c- CN 3 
II 
0 
Using Corey's procedure, 10-a-methoxy-~8'9-lysergalde­
hyde (29) was converted to 10-a-methoxy-i'>.8,9-lysergic acid 
methyl ester (30) in 65% yield (Scheme 14). The product was 
identical in all respects to the authentic sample of 30 ob-
tained by the mercuric acetate oxidation of lysergic acid 
methyl ester (31) (Scheme 12). Compound 30 was reduced by 












12 hr, 25°c 
65% 
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ester which w~s identical in all respects to the authentic 
compound i!. (Scheme 12). Thus, the overall yield of ly-
sergic acid methyl ester (30) from elymoc1avine (~) is 
approximately 30%. This represents the first successful 
attempt to obtain lysergic acid from a c1avine alkaloid in 
more than trace amotm.ts. 
Based upon the work of Gilman,135 it was also antici-
pated that lysergic acid amides could be prepared by substi-
tuting the appropriate amines for methanol in the oxidation 
of compotm.d~. A prelimi.Tlary study indicated that simple 
lysergic acid amines can be prepared by this means, and it 
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is expected that the method will prove to be general for the 
preparation of the commercially important lysergic acid de-
rivatives, 
The synthesis of 10-a-methoxy-6s,9-lysergaldehyde (29) 
from the reaction of elymoclavine (i) with manganese dioxide 
in methanol also suggested the possibility of obtaining 10-
hydroxy ergo1ines by carrying out the reaction in aqueous 
solution. This was, of course, of interest in order to de-
tennine if either of the products of the peroxidase oxidation 
of chanoclavine-T Cl) are 10-hydroxy ergolines. 
The manganese dioxide (Fatiadi)130 oxidation of elymo-
c1avine (3) was carried out in phosphate buffer at pH 4.6 
for 1 hour at 20°C. The 10-hydroxyelymoc1avine (16), identi-
cal to that from the peroxidase oxidation of e1ymoclavine C]), 
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was obtained in 4.5% yield along with pcnniclavine (!?) which 
is known to be a product of the rearrangement of lO-hydroxy-
elymoclavine (lQ..) in aqueous media (Scheme 15). A small 
amount of a third compound was obtained, and both its color 
reaction with Ehrlich's reagent (yellow-brown changing to 
green) and molecular weight (!'/, mle 268) were consistent for 
the expected lO-hydroxy-t::,s,9-lysergaldehyde (32). 
The oxidation of chanoclavine-I (1) with manganese di-
oxide in water was carried out using the same conditions as 
for elymoclayine C.;D. Most of the chanoclavine- I (l) was 
decorr~osed to Ehrlich-negative compounds, but by repeated 
preparative TLC about 1 mg of an unstable Ehrlich-positive 
compound was obtained from 1 g of chanoclavine- I (1). 111is 
compound showed the same TLC behavior and color reaction with 
Ehrlich's reagent as compound "2C" from the peroxidase reac-
tion. The mass spectrum showed a molecular ion of mle 272 
and a fragment at mle 254 0'/-18) which are consistent with 
that expected for lO-hydroxychanoclavine-I (33) (Scheme 16). 
As in the enzyme reaction, no blue fluorescent Ehrlich-
positive compounds suggestive of 8-hydroxy-t::,9- chanoclavine-l 
were observed. 
On the oxidation of chanoclavine- I -aldehyde C~ with 
manganese dioxide jn water, no Ehrlich-positive oxidation prod-
ucts were detected and most of the chanoclavine-I-aldehyde (~) 










TIle Isolation and Synthesis of 
Chanoclavinc- I -Acid (28). -
Chanoclavine-I-acid (28) has been proposed as a micro-
bial transformation product of chanoc1avine- I (D 116 as 
well as a trace product of the chemical oxidation of 
chanoc1avine- I (1:).118 The tetracyc1ic analog of chanocla-
vine-I-acid (28), 68 ,g-lysergic acid (paspalic acid) (19),21 
has been isolated from Claviceps paspali. The possible 
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natural occurrence of chanoclavine-I-acid (~ is of interest 
for several reasons relating to the theoretical aspects of 
ergoline biochemistry. It was also of interest in this 
study to determine the effect of peroxidase on this compound. 
"Compound A,II the lIacidic clavine alkaloid" reported by 
Taber et al. 37 as the major alkaloid of the seeds of Ipomoea 
violacea lvar. IIPearly Gates") was believed by us to possibly 
be a chanoclavine acid derivative, and efforts were thus made 
to isolate and characterize this compound. 
TLC examination of a methanol extract of Ipomoea violacea 
(val'. "Pearly Gates") seeds revealed a major nonfluorescent 
alkaloid not seen in chloroform extraction. The compound 
gave a violet-blue color with Ehrlich's reagent similar to 
that of chanoc1avine-1 (D. Both the TLC behavior of this 
compound and its solubility indicated it to be highly polar. 
Isolation of this compound was accomplished by the procedure 
summarized in Figure 5; 500 g of the seeds provided about 50 mg 
of crystalline alkaloid. 
Morning Glory Seeds (Pearly Gates) 
500 g 
pet. ether 
pet. ether extract residue I CHC1 3 , NH40fI 
l 
CHC1 3 extract residue 
MeOH 
I 








chanoclavine-I acid (SO mg) 
Figure 5. Isolation of Chanoclavine-I-Acid (~) 
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TIle isolated compowld was characterized as chanoclavine-
I-acid (28) on the basis of both its physical and chemical 
properties. The mass spectrum showed a molecular ion of mle 
270 along with prominent peaks at 182, 168, 167, 155, 154 
which are characteristic of ergot clavine alkaloids. 128 The 
IR spectrwn of the HCl salt (m showed a strong absorption 
of 1700 em-I indicative of the -CH=C-COOH. The NMR spectrwn 
(ThISO-d6) was consistent with that expected for chanoclavine-
I-acid and is compared with that of chanoclavine-I CD in 
Table 1. The alkaloid was readily converted to its methyl 
ester (34) and LiAlH4 reduction of both the ester (34) and 
the acid (~ provided chanoclavine-I (1) (Scheme 17). 
Further proof that the isolated alkaloid is chanocla-
vine-I-acid (28) was provided by its synthesis from chano-
clavine-I (l) (Scheme 17). Chrul0clavine-I (l) was converted 
to the aldehyde (~) quantitatively by refluxing with mangan-
ese dioxide (Clarke)104 in acetone (see page 40). The oxi-
dation of chanoclavine-I-aldehyde (~) with permanganate, di-
chromate, and silver oxide led to extensive decomposition 
and only gave traces of chanoclavine-I-acid (28). HO\vever, 
MnO/MeOH/KCN oxidation of the aldehyde (~), as described 
before (page 42), provided about 30% yield of the methyl ester 
(34) which was hydrolyzed to the acid (28) in about 80% yield. 
TIle synthetic chanoclavine-I-acid (28) was identical in all 
respects to the alkaloid Isolated from Pearly Gates seeds. 
SCHI:ME 17 
MnO/ Acetone 
reflux, 45 min. 
COOl! 























































































































































































































































































It is of interest that the microbial transfonnation 
compOlmd ("alkaloid B") of chanoclavine- I (1) reported by 
Abou-Chaar116 does not have the properties (Le., TLC, sol-
ubility, mp, UV, IR) of chanoc1avine-I-acid (~). The trace 
compound (itCh-Oil) obtained hy Voigt and KeipertllS from the 
mercuric acetate oxidation of chanoclavine- I QJ may be 
chanoclavine-I-acid (28), but they did not provide suffic-
ient data for their compound to make accurate comparisons. 
111e pharmacology of the seco-ergolines has not been 
as extensively investigated as that of the tetracyclic ergo-
lines, and this may, in large part, be due to the relative 
difficulty in obtaining these compounds. A number of seco-
ergoline derivatives should be obtainable by modification 
of the synthesis for chanoclavjne-I-acid (28) (see page 52) 
and the improved synthesis of chanoclavine- I -aldehyde (8) 
should also be helpful in this respect. 
TIle discovery of chanoclavine-I-acid (2S) in Ipomoea 
violacea also raises several interesting questions concern-
ing jts biosynthesis and occurrence in other ergoline-
ss 
producing organisms. For example, it might be speculated that 
chanoc1avine- I -acid (~) and b. 8,9 -lysergic acid (~) are bio 
synthesized from chanoclavine- I (1) and elymoc1avine (~), re-
spectively, and perhaps by the same enzyme systems. Should 
this be the case, then one l-\lould expect that these four alka-
laids should occur together in the same ergoline-praducing 
organisms. No compounds similar to AS, 9 -lysergic acid @) 
were observed in the studies of the Ipomoea violacea seeds 
S6 
even though elymoclavine Cl) does occur in small runounts in 
this plant. This could be explained by several things, in-
cluding the further metabolism of the li 8,9 -lysergic acid C15D; 
in thi 5 respect it is of interest that the main chloTofonn-
extractable alkaloid of Ipomoea violacea is lysergic acid 
amide. A better organism to consider would be the Claviceps 
paspali strain that produce liS,9-lysergic acid (19). Unfor-
tunately, this is a patent strain that is used for commercial 
purposes and was, thus, not available for this study. However, 
Dr. H. Kobel of Sandoz Limited has been provided with a sample 
of the chanoc1avine- I-acid (~), and his group is currently 
attempting to determine if Claviceps paspali has the ability 
to produce this alkaloid. 
while chanoclavine-I-acid (28) has not been reported 
in any other ergoline-producing organism, it was noted prev-
iously that the rugulovasines from various PenicilliLun species 
may be considered to be isochanoclavine- I -acid derivatives. 
The strain of Penicillium concavo-rugulovasum used by Abe is 
also a patent strain used for industrial purposes, but we 
were able to obtain a strain of Penicillium islandicum 
(MlRL 6014) which produces rugu10vasines and ch1ororugu1ova-
. . 11 113 Ines In sma . amounts. Cultures of this orga.'1ism were 
found to contain, in addition to the previously reported 
rugulovasines, small amotmts of both chanoc1avine- I (.!) 
and chrUloclavine- I -acid (28) (identified by TLC and mass 
spectroscopy). Perhaps even more interesting was the obser-
vation of small but detectable amounts of a compound which 
was chromatographically homogeneous with chanoc1avine-I-
aldehyde (.!D. This compound, strongly suspected to be a key 
intermediate in ergoline bios)~thesis, has never before been 
seen in nature. 
The potential value of the ergoline alkaloids in the 
chemotaxonomy of plants of Convolvulaceae family has been 
noted by several investigators and chanoclavine-I-acid (28) 
may prove to be of significance in this respect. In this 
study) TLC screening for chanoc1avine- I -acid (28) in several 
common members of the Convolvulaceae was carried out to ob-
tain a pre liminal; indication of whether this compound might 
be useful for chemotaxonomic purposes. Not surprisingly, 
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chanoc1avine- I -acid (28) was also detected in ,Ipomoea violacea 
varieties "Heavenly Blue" and "Flying Saucers," in addition 
to the "Pearly Gates." However, Argyreia nervosa seeds136 
which contain the highest concentration of ergo lines reported 
among the Convolvulaceae (up to 0.9%) were found to contain 
no chGUlOclavine- I -acid (~.§J. The apparent absence of 
chanoel avine- I -acid (~ from this species suggests that the 
alkaloid is not uniformly distributed among the Convolvulaceae 
and may be valuable for chemotaxonomic purposes. 
Chanoclavine-I-acid (28) was found to be reactive to 
peroxidase and TLC examination of the reaction mixture re-
vealed that most of the chanoc1avine- I -acid (~8) was rapidly 
oxidized to Ehrlich-negative products. Also, the chlorofonn 
extract of the reaction mixture did not give any Ehrlich-
positive compounds. The resu1 ts suggest that chanoc1avine-
I-acid (28), like chanoc1avine- I (1) and isochanoc1avine- I 
(~, is decomposed to nonergo1ines by peroxidase. 
The Role of Peroxidase in the 
Bios)TIthesis of Ergo1ine 
Alkaloids 
The results of earlier studies suggested that peroxi-
dase may be involved in the biological transformation of the 
tetracyc1ic 68 -clavines, agroclavine (~), and e1ymoc1avine 
(~, to their respective 8-hydroxy-6 9 -derivatives and, per-
haps, some other minor alkaloids (Scheme 5). The present 
study demonstrated that chanoclavine-I (l), a tricyclic ana-
log of agroc1avine (~) and elymoc1avine (~) and an important 
intermediate in ergoline biosynthesis, is also susceptible 
to peroxidase oxidation. However, the results of this study 
raise the question of whether peroxidase may not be more im-
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portant in the biological degradation of ergolines rather than 
in their biosynthesis. 
Chanoclavine-I (l), as well as isochanoc1avine-I (~) 
and chanoc1avine- 1-ad.d (28), is readily oxidized by 
peroxidase and there are several indications that oxidation 
occurs mainly at C-lO as is the case with the tetracyc1ic 
c1avines. These include the lack of reactivity of chano-
clavine-I-aldehyde (~) to peroxidase; evidence that compound 
"ZC" is 10-hydroxychanoclavine-I (33); the failure to de-
tect any C-17 oxidation products in the peroxidase reactions 
of any of the clavines; and the structural analogy and sim-
59 
Har reactivity to certain chemical oxidants of chanoclavine-
I OJ, agroclavine (2.), and elyrnoclavine (~J. 
The main difference between the peroxidase oxidation 
of chanoclavine-I (l) and the tetracyclic clavines appears 
to be in the nature of the products. In contrast to agrocla-
vine (19) and elyrnoclavine (.v, which provide significant 
amOlmts of ergolines, chanoclavine- I (l) provides mainly 
nonergolines and only small amOtnlts of very tnlstable ergo-
lines. It should be noted that this is probably only a rela-
tive difference for large amounts of nonergolines are also 
obtained in the peroxidase oxidation of agroc1avine (~) 108 
and, especially, elyrnoclavine (1).107 Thus, the difference 
is probably one of variation in the reactivity of interrned-
iates and/or stability of products. Whether the 8 hydroxy-
t:. 9 -derivatives of the chanoclavines were actually formed and 
are simply unstable could not be ascertained. However, in 
view of this and earlier studies on the chemical oxidation of 
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chanoclavine-I (1), it is certainly not surprising that these 
alkaloids have not been found in nature. 
No firm evidence was obtained concerning the identity 
of the nonergoline products of the peroxidase oxidation of 
the chcll1oc1avines (or the tetracyc1ic clavines), but some 
possibilities are illustrated in Scheme 18. The proposed 
enamines which may result either from the initial free radical 
intennediate or via the 10-hydrm ... 'Y derivatives would be 
expected to be illlstable and may provide a complex mixture of 
compounds such as was observed. 
The results of this study, while not totally incon-
sistent with peroxidase being involved in the biosynthesis 
of certain ergolines (e.g., 8-hydroA'Y-D9-clavines, rugulova-
sines), raise serious doubts concerning this role. Any pro-
posal for peroxidase involvement must be viewed in light of 
the fact that it catalyzes the virtual destruction of a key 
intennediate in ergoline biosynthesis, chanoclavine-I (1). 
It is, therefore, difficult to conceive of significant accumu-
lation of ergoLines in an organism containing high levels of 
peroxidase activity unless the effects of this enzyme were 
effectively "neutralized" by such things as catalase, physi-
cal separation, or other factors. An alternate suggestion 
might, therefore, be made that peroxidase could be involved 
in the degradation and lack of accumulation of ergolines. 
1 








TIIC degradation of ergo lines is a subject that has not 
been studied in any detail, but it is apparent that thc turn-
over of these alkaloids is something that must be considered 
if their metabolism and functions are to be w1dcrstood. Cer-
tainly the degradation of ergolines rather than the inability 
to synthesize them may explain their lack of accumulation in 
some organisms that are very closely related to ergoline-
producers. This possibility carries great significance con-
cerning the potential use of ergolines in chemotaxonomy. All 
studies on the ergoline alkaloids in Convolvulaceae to date 
have been concerned with their occurrence (i. e., accumulation) 
rather than their formation. The possibility that these 
alkaloids are being formed and subsequently degraded must be 
considered, particularly in view of the wide-spread occurrence 
of peroxidase in many organisms, including ergo line-producing 
Ipo~oea spp.13 The results of this study again emphasize the 
complex task involved in understanding the unique secondary 
metabolism of various organisms. 
Summary of Results 
The major findings of this study may be summarized as 
follows: 
1. Chanoc1avine-I (~) is readily oxidized by horse-
radish peroxidase, and this reaction provides a complex mix-
ture comprised largely of noncrgolines. This finding suggests 
that peroxidase could be involved in the biological degra-
dation of ergolines. 
2. The synthesis of lysergic acid derivatives from an 
ergot clavine alkaloid, elymoclavine CD, in reasonable 
yield, has been accomplished for the first time. This pro-
cedure appears to be a feasible alternative to the current 
procedures used for the production of the pharmacologically 
active and commercially important lysergic acid derivatives. 
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3. A new ergot alkaloid, chanoclavine- I-acid (1.§..), has 
been isolated from the seeds of Ipomoea violacea variety 
"Pearly Gates" and has also been detected in other varieties 
of Ipomoea violacea and in cultures of a strain of Penicillium 
islandicum. The absence of this alkaloid in the seeds of 
Argyreia nervosa suggests that thIs compotmd may be useful 
in the chemotaxonomy of the Convolv~laceae. 
4. A synthesis has been developed for the new seco-
ergoline alkaloid, chanoclavine- I -acid (~8). Modification of 
this procedure should prove useful for the synthesis of a 
variety of 6,7-seco-ergolines and facilitate the pharmaco-
logical investigation of these compounds. 
S. An improved synthesis has been developed for 
chanoclavine- I -aldehyde (~, and this proposed biosynthetic 
intermediate has been detected in cultures of a strain of 
Penicillium islandictnn which is the first time it has been 




TIlin layer chromatography (TLC). Thin layer chromato-
graphy was performed using the general methods of Stahl. 137 
Silica gel G (EM Laboratory, Dannstadt, Germany) suspensions 
(35 g/70 mL) in distilled water were spread on glass plates 
(5 x 20 or 20 x 20 cm) to a thickness of 0.25 mm. The coated 
plates were air-dried for 24 hr and were used within three days. 
Ergolines were detected on developed chromatograms by viewing 
under long wavelength (366 nm) ultraviolet light (Model X 15 
H, Ultra-Violet Products, Inc., San Gabriel, CA) and/or by 
spraying with Ehrlich's reagent. 139 This reagent consists of 
p-dimethy1aminobenza1dehyde (1 g) in a mixture of conc. HCl 
(10 TIll.) and EtOH (40 mL). The following solvent systems were 
employed: CHC13-EtOH (5:1, CE); CHC13-EtOH (5:1, NH3 atmos-
phere, CEA); CHC13-MeOH (7:3, eM); CHC13-MeOH-NH40H (80:20:1, 
CMA); L~C13-n-BuOH (2:1, NH3 atmosphere, CRA); CHC13-t-BuOH 
(3:1, NH3 atmosphere, CTBA); EtOAc-EtOH-Il\1F (13:1:1, EED); 
Et2NH-CHC1 3 (1:9, DC); distilled water (H20); EtOAc-i-PrOH 
NH40H (45: 3S: 15, EIPN); i- PrOH-NH40H-H20 (20: 2 :1, IPhTtI). 
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Preparative TLC. Preparative TLC plates (0.5 nun plates) 
were similarly prepared by using a suspension of 70 g silica 
gel in 130 ml distilled water. Good separation was normally 
obtained when approximately 15 mg of total alkaloids were 
applied to one 20 x 20 cm plate. Alkaloid bands were located 
with IN light and/or by spraying one edge of a chromatogram 
with Ehrlich's reagent; a clean glass plate was used to pro-
tect the remainder of the chromatogram. Alkaloids were 
eluted from the silica gel with MeOH, the extract evaporated 
to dryness under reduced pressure, and residual silica gel 
removed by passing the extracted alkaloids through a tartaric 
acid (1%) - CHC13 wash cycle. In the case of acid-labile 
alkaloids, the dry MeOH extract was dissolved in CHC1 3 and 
the solution filtered to remove residual silica gel. 
Colwln chromatography. Silica gel powder (60-200 mesh, 
J. T. Baker Chemical, Phillipsburg, N. J.) was used in coll.D1ID 
chromatography. Alkaloid/adsorbent ratios of 1:50 to 1:200 
are generally satisfactory for ergolines depending on the com-
plexity of the mixture. Good separation of the ergolines 
could usually be accomplished by eluting with CHC13, 
followed by CHC1 3-MeOH (1-10%) mixtures of increasing polar-
ity. Elution was at a rate of ca. 2 mL/min and was monitored 
by TLC. 
Analytical methods. Ultraviolet spectra (UV) were re-
corded in EtOH on a Becl<:m<L.'1 Model 24 spectrophotometer. 
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Infrared spectra OR) were recorded on a Beckman IR-8 spectro-
photometer in KBr. Proton magnetic resonance spectra (NMR) 
spectra were recorded on a Jeol C-60H spectrometer and Varian 
EM 360-60 Ml!z in CDCl3 or DMSO-d6 with TMS internal standard; 
chemical shifts are reported as 0, parts per million, from the 
standard. Mass spectra (MS) were recorded on a LKB Model 
9000S spectrometer at 70 Kev. Melting points were determined 
on a 'Thomas-Hoover apparatus and are uncorrected. Elemental 
analyses were performed by Het-Chem-Co., Harrisonville, 
Missouri. All analytical samples were dried in vacuo In the 
Preparation of Standard 
~AJkaloidsan.ctManganese_ 
Dioxide 
Elymoclavine (~) and agroc1avine (9). Elymoclavine (3) 
and agroclavine (~) were isolated from cultures of Claviceps 
strain SD 58 obtained from Dr. J. E. Robbers, Purdue Univer-
sity, West Lafayette, Indiana. The strain was maintained on 
Czapek Dox agar slants at SoC and transferred every three 
months to maintain viability and alkaloid production. Seed 
cultures were prepared in shake cultures in semisynthetic 
medium ~'L406138 (200 mL) in one liter flasks for two weeks. 
Stationary production cultures were grown in the dark at 24 0C 
in the semisynthetic medium NlA06 mL in 1 liter Roux 
bottles. TIle cultures were maintained for 6-8 weeks after 
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which the alkaloids were isolated by solvent (CHC1 3) extrac-
tion as previously reported. l08 The approximately 0.9-1. 5 giL 
of alka]oids produced by this strain consists mainly of l (ca. 
70-80%) and ~ (ca. 5%). Most of l could be obtained directly 
from the alkaloid extracts by fractional crystallization 
(MeOfO .108 Chromatography on a colwnn of silica gel provided 
~ by elution with CHC1 3 and the remainder of the l by elution 
with CHCL-MeOH (95:5) . 
.) 
Other reference alkaloids. Setoclavine (10), isoseto-
clavine (11), pennic1avine (~, isopep~ic1avine (13), 10-
hydroxyagroclavine (14) and 10·-hydroxyel}1Uoc1avine (16) were 
obtained by published procedures from agroc1avine (~) or e1ymo-
c1avine (l).107,108 Dr. E. C. Kornfeld (Eli Lilly Company, 
Indianapolic, Indiana) kindly supplied reference samples of 
a,9 a,9 
10-a-methoxy-~ -lyserga1dehyde (29) and 10-a-methoxy-~ 
lysergic acid methyl ester (30). Dr. L. Bernardi (Institute 
Ricerche Fannitalia, Milano, Italy) generously supplied 
a,9 
reference samples of 10-a-methoxy-~ -lysergic acid methyl 
ester (30) and lysergic acid methyl ester (31). 
~-Methyl-6,7-seco-ergoline (i).117 Compound l was stirred 
in CI-I3J (40 g) for 2 days at room temperature. The excess CH31 
was removed under reduced pressure and the residue dissolved 
in liquid NH3 (200 mL). Na(800 mg) was added, the mixture 
stirn:d for 1 hr, and the NII3 removed after addition of a 
small quantity of NIi4C1. The residue was dissolved in tar-
tark acid solution (Z%) and washed with CIIC13. The aqueous 
solution was made alkaline with NfI40H and extracted with 
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CHCl y The CHCl3 extract was washed ·with NaHC03 solution (5%), 
dried (anhy. NaZS04), and evaporated to dryness. Recrystal-
lization from CBZCI Z gave 3 g (70%) of white crystals: mp 
o . 117 0 163 C (dec) lIt. 163 C); TLC, Rf 0.56 (DC). 
O-Acetyl-N-methylchanoclavine-I (i).117 Compound! (4.4 
g) in pyridine (15 mL) was treated with AcZO (15 mL). After 
stirring for 5 hr at Z50 C the mixture was evaporated under re-
duced pressure, The oily residue was dissolved in tartaric 
ncid solution (Z%) and washed with CHC1 3, The aqueous solution 
was made alkaline with NH40H, extracted with OrC13, and the 
extract evaporated to dryness which provided 5.0 g of oily 
residue: TLC, Rf 0.76 (DC). 
O-Acetylchanoclavine-I (~).117 To a solution of i (1.7 
g) in EtzO (15 mL) was added diethylazodicarboxylate (1.8 g) 
in EtZO (15 mL). The mixture was stirred for 16 hr at Z50C, 
after which it was evaporated to dryness and the residue trans-
ferred to a column of silica gel (100 g). The column was 
washed with CHC13 and the alkaloid eluted with CHC13-MeOH 
(95: 5) . Evaporation of the sol vent provided 1. Z g oily resi-
due; TLC, Rf 0.64 (DC). 
Chanoclavine-I CD from ~.117 To a solution of 6 
(3.8 g) in MeOB (ZO mL) was added 2N NaOH (ZO mL). The mix-
ture was stirred for 2 hr at 600C, diluted with water, and 
extracted with CHC1 3. TI1e CIIC13 extract was concentrated to 
a small volume and transferred to a column of silica gel 
(100 g). TIle alkaloid was eluted from the column with CHC1 3-
MeOII U)5: 5) . Recrystallization from MeOB gave 1. 8 g (55%) of 
1: mp 220-222 (dec) lit. 76 220-222); TLC, Rf 0.41 (DC); UV, 
. 76 115 IR, NMR, MS were identical to the publIshed spectra. ' 
Chanoclavine-I (1) from ±.117 To a solution of ± (5.0 g) 
in acetone (200 mL) was added diethylazodicarboxylate (3.2 g). 
The mixture was bubbled with nitrogen for 5 hr at 250 C, the 
flask was sealed, and then set aside overnight. The solvent 
was evaporated and the residue applied to a COlillffil of silica 
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gel (200 g). The colillffi1 was washed with CHC13 and the alkaloid 
eluted with CHC13-MeOI-I (95: 5). Recrystallization from MeOH 
gave 2.5 g (53%) of 1: mp 220-222 (dec) lit. 76 220-222); TLC, 
Rf 0.41 (DC); UV, IR, NMR, MS were identical to the published 
spectra. 76,115 
Isochanoclavine-I (.0. 117 A solution of 1 (100 mg) in 
t-BuOH/benzene (120/20 mL) was flushed with nitrogen. The mix-
ture was irradiated for 12 hr with short wave (254 nm) UV light 
o 
at 25 C. The solvent was evaporated and the residue trans-
ferred to a colillffi1 of silica gel (20 g). The 2 was eluted 
from the colun'J1 wi th CBCl~~ -MeOII (95: 5) . Recrystallization 
from MeOB gave 30 mg crystals: mp 1900 C (dec) lit. 117 1900 C); 
1'LC, Rf 0.35 (CTBA). 
Manganese dioxide according to Attenburrmv. 1Z8 To a 
solution of KMn04 (95 g) in water (700 mL) at 90°C, an aqueous 
solution of MnS04'HZO (75 g/ZOO mL) and a solution of NaOH 
(48 g/lZO mL) were added dropwise simultaneously during 1 hr 
with stirring. Stirring was continued for another hr at 90°C 
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after which the mixture was slowly cooled. The warm suspension 
was filtered and the ~mOZ was washed with a large amount of 
water until the filtrate was colorless. TIle solid was dried 
at 110°C overnight and ground to fine powder (90 g) before use. 
Ma d""d d" F" d" 130 T nganese 10Xl e accoy Ing to ~atla 1. ° an aqueous 
solution of Klv1n04 (80 gilL) at 90°C was added an aqueous solu-
tion of rvInCI Z'4HZO (110 gilL) gradually with stirring. The 
suspension was stirred for 2 hr at 90°C in the hood and after 
which it was slowly cooled. The mixture was filtered and the 
Mn0Z washed thoroughly with large amount of water until the 
washing gave a negligible chloride test. The wet cake was 
dried at 1l00C overnight and ground to fine powder (50 g). 
Manganese dioxide according to Clarke. 119 JO.In04 (90 g) 
and a-picoline (50 g) were dissolved in 2.5 L of water and 
the mixture heated to 900e with stirring. After I hr the 
purple color had disappeared and a further portion of KMn04 
(90 g) in water (500 mL) was added and the stirring continued 
at 900C until no purple coloration remained. The mixture was 
cooled slightly and filtered. The precipitate was washed with 
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boiling 'vater "and dried at HOoC overnight to give a fine black 
powder (140 g). 
Chanoclavine-I-aldehyde (~).35 To a solution of 1 (100 
mg) in acetone (500 mL) was added MnOZ (Z.O g, Attenburrow)lZ8 
and the mixture refluxed for 1.5 hr. The mixture was filtered 
and the pale yellow solution evaporated to dryness. The dry 
residue was subjected to preparative TLC separation (CM). The 
band at Rf 0.50 was eluted and provided 41 mg (41%) chromato-
graphically pure~. However, attempts to crystallize this 
compound with CHCl/hexane were unsuccessful and resulted in 
some further decomposition of this alkaloid. 
The oxidation of 1 with ~mOZ (Clarke)ll9 was found to 
provide much better yield of~. To a solution of 1 (ZOO mg) 
in acetone (lZO mL) was added MnOZ (3.0 g, Clarke) and the 
mixture refluxed for 30 min. The mixture was filtered and 
evaporation of the filtrate provided 198 mg (100%) of chromato-
graphically pure~. Recrystallization from CHC1 3/hexane gave 
57 mg of faint brown crystals: mp 135-137 (dec) 1it. 138 
ll9-1Z3); TLC, Rf 0.50 (CM), 0.Z8 (CE). IR, NMR, MS were 
identical to the published spectra. 
Peroxidase Oxidation of 
Chanoc1avine Derivatives 
General procedures. l11e general procedures used in this 
study were similar to those used in the earlier investigations 
of the peroxidase oxidation of agroclavine C.P) and e1ymoc1a-
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vine (~). All enzyme reactions \vere carried out in O. 067 M 
phosphate buffer solution prepared by dissolving monobasic 
sodium phosphate AR(NaI1ZP04'HZO, Mallinckrodt) and dibasic 
sodium phosphate (NaZHP04'7HZO, Mallinckrodt) in freshly boil-
ed distilled water. Horseradish peroxidase (salt free, 400 
units/mg, HRP) and catalase (3000 E.U./mg) were obtained from 
United States Biochemical, Cleveland, Ohio; stock solutions 
(1 mg/mL) of the enzymes in buffer were freshly prepared 
before each use. Hydrogen peroxide stock solutions (0.01 M) 
in distilled water were freshly prepared before use by dilu-
tion of 30% HZOZ (Fisher). For each reaction the alkaloid 
was dissolved in the buffer and the HRP solution added. The 
reaction was initiated by addition of the HZOZ and the w~xture 
incubated in the dark at Z50C for Z hr (except for the large 
scale reactions which were incubated for longer periods). 
For anaerobic reaction the alkaloid-I1RP solutions were flush-
ed with filtered nitrogen gas for ca. 15 min prior to addition 
of H20Z and the flask tightly sealed during the incubation 
period. The reaction mixtures were extracted, after 
alkalinizing with NH40H, with three volumes of CHC13, The 
CHC13 extract was dried (anhy. NaZS04) and evaporated to dry-
ness under reduced pressure. When only TLC examination of 
the reaction was to be performed the dried extract was 
dissolved in 0.1 mL of MeOH for each mg of starting alkaloid. 
73 
Preliminary studies \vi th chanoclavine- I OJ. A number of 
preliminary reactions were carried out to approximate the 
optimal conditions for the peroxidase oxidation of 1:. and to 
learn something of the number ruld nature of the oxidation 
products. In each case the reactions of 1 were compared to 
those of agroclavine (2) and elymoclavine (~ which have 
been previously described. l07 ,108 Compound 1:. (Z mg) was 
dissolved in buffer and HRP and HZOZ solutions were added 
to provide a final volume of 10 mL; the mixtures were 
incubated and worked up as described above. The extracts 
were examined by TLC and visual estimations of the starting 
and product alkaloids were made after spraying of the plates 
with Ehrlich's reagent. 
Chanoclavine-I (1:.) was found to react with peroxidase 
over a broad range of pH (3.Z-6.8). The reaction did not 
occur in the absence of added HRP, or HZOZ and was inhibited 
or abolished by boiling of the enzyme or addition of catalase. 
TIle "optimal" conditions for the reaction of 1:. was found to 
be very similar as for l and Q, i.e., Z mg of alkaloid, ZOO 
units of HRP, 15 ~moles of HZOZ in a volume of 10 mL. In 
contrast to the reaction of l and Q, only two major Ehrlich-
positive products, designated "lC" and "ZC" were observed in 
the reaction of 1:. (Table Z). No fluorescent, Ehrlich-positive 
compounds suggestive of the 8-hydroxy-~9-chanoclavine deriv-
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atives were observed in any of the reactions. The reactions 
carried out tmder anaerobic conditions were similar to those 
tmder air except that relatively large amOtmts of compmll1d "2C" 
were fonned. TI1is compound, originally detected in the anaero-
bic reactions, was also consistently present in small amounts 
in the reactions under air. 
Large scale reactions of chanoclavine-I (!). Compound! 
(700 rng) was dissolved in 1200 mL of buffer (pH 4.6) in a 2L 
flask and to this was added 175 mL of HRP solution and 35 rnL 
of H202 solution. The mixture was incubated in the dark for 
10 hr after which a 10 mL sample was extracted and examined 
TABLE 2 
Rf Values of Chanoclavine-I (1), Compound "lC", and Compound iT2C" 
CompOlll1d CE 
Chanoclavine-I (1) 0.05 
Compmmd tlIC" 0.30 













by Tl,C. Since significant quantity of 1 remained unreacted 
an additional 35 mL of 1120Z solution was added and the mix-
ture incubated for another 10 hr. 'Ibe mixture was alkalinized 
with NI14011 and extracted with one volume of CIIC13 and two 
volumes of CHC13-isoPrOl1: (3:1). 'The extracts were dried (anhy. 
NaZS04), combined and evaporated to dryness which provided 
68Z mg of residue. The examination of the extract revealed 
the presence of compound "lC" and a small amount of "2C" as 
distinct Ehrlich-positive spots within a brown band that ex-
tended from the origin to the front of the chromatogram. The 
dried extract was dissolved in ca. 10 TIlL of CHC13 and trans-
ferred to a colunm of silica gel (30 g). Elution with CHC13 
(100 mL), and CHC13-MeOH (98:2) (50 mL) provided no Ehrlich 
positive compound mId evaporation of these fractions gave 
tarry oil; TLC examination revealed again no distinct 
Ehrlich-positive compounds. Compound "lC" began to appear in 
the elute shortly after a change of solvent to CHC13-MeOH 
(95:5) and elution with this solvent was continued until no 
more "lC" appeared (200 mL). The "lC" fractions were combined 
and evaporated to dryness which provided 34 mg of residue. The 
colunm was then eluted w:i th CHCl .. -MeOI-l (90: 10) (100 mL) and 
:> 
MeOII (50 mL) but no additional Ehrlich positive compounds 
appeared in the eluate. Attempts to crystallize "lC" from 
several solvents (acetone, MeOII, Et20) at this state were un-
successful and judging from the color of the solutions and TLC 
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examinations, decomposition of the compOlmd was occurring. An 
attempt to further purify "lC" on a second coltmm of silica gel 
(3 g) resulted in the complete decomposition of the compound. 
It was apparent by this time that compowld "lC" was quite 
tu1stable and it was felt that preparative TLC may prove more 
reliable for its isolation. Also more dilute reaction mixtures 
were prepared since the reaction appeared to proceed slower 
tmder the conditions given above as compared to those used in 
the preliminary studies. Compound 1:.. (100 mg) was dissolved in 
470 mL of buffer (pH 4.6) in alL flask aJld to this was added 
25 mL of HRP solution and 5 mL of HZOZ solution. The mixture 
was incubated for 4 hr and extracted as before. A total of 1 
g of l was reacted in this manner and the combined extract from 
the reaction mixtures was about 850 mg. This was dissolved in 
a minimal amount of r-.IeOH and applied to 24 preparative TLC 
plates which were developed in the CMA system. The combined 
dried extracts of the "lC" zone was a brown tarry oil. Examin-
ation by TLC showed only a small amOtu1t of "lC" relative to 
the original amount present and no crystalline material could 
be obtained from the sample. 
Since only small amotmts of compotu1d "zc" were observed 
In aerobic reactions a third reaction was carried out under 
anaerobic conditions in an attempt to isolate this compound. 
A total of 1 g of chanoc1avine- I U) was reacted in the follow-
ing manner. Compound 1 (100 rug) was dissolved in 470 mL of 
buffer (pH 4.6) and 25 mL of llRP solution was added. The 
mixture was flushed with nitrogen for 30 min, 1120Z solution 
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(5 mL) added, and the vessel tightly sealed. After incubation 
for 6 hr the mixture was worked up as before and gave ca. 875 
mg of residue. This was dissolved in a minimal amount of 
MeOII and applied to 20 preparative TLC plates which were 
developed in the CBA system. Elution from the plates provided 
ca. 100 mg of residue from the "Zcn zone but both the color 
of the residue and TLC examination indicated that extensive 
decomposition had occurred. Attempts to crystallize "2C" 
from this mixture with acetone, MeOH, Et20 and others were 
unsuccessful and resulted in further decomposition. The 
material was rechromatographed in a single preparative plate 
but again a homogeneous srunple could not be obtained. 
Oxidation of chanoclavine-I with mercuric acetate 
1 h ' anh d 'd V' d K . 118 d h ane c romlC y rl e. OJ.gt an Clpert reporte on t e 
oxidation of l with a variety of common oxidizing agents and 
found that it was extensively decomposed by most of these. 
However, they were able to isolate small amoIDlts of Ehrlich 
positive compounds from both the Hg(OAc)2 and Cr03 oxidation 
of 1. 'These reactions were repeated in this study to deter-
mine if the products were similar to "lC" and "2Cn from the 
peroxidase oxidation of 1. 
Compound l (10 mg) was oxidized with Hg(OAc) Z as pre-
viously reported. 118 After working up the extract of the 
reaction mixture was examined by TLC (CE). No compounds 
similar to compound "lC" or "2C" from the peroxidase oxida-
tion of chanoclavine-l (!) were seen and most of the chano-
clavinc- I (1) was decomposed to Ehrlich negative compounds. 
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Compound l (10 mg) was dissolved in 10 mL acetone ffild to 
this cr03 (10 mg) was added. Ine reaction mixture was set 
aside for 24 hI' in the dark. On the TLC examination of the 
reaction mixture revealed that most of the chanoclavine-I (lJ 
was converted to a compound that was chromatographically 
identical to chanoclavine-I-aldehyde (~) and no other com-
POilllds were seen. 
10-Hydroxyelymoclavine (l§J. To a solution of l (700 mg) 
in phosphate buffer (200 mL, pH 4.6, 0.067 MJ was added Mn0Z 
(Fatiadi) (7 g) and the mixture stirred for 1 hI'. The mixture 
was filtered, the filtrate made alkaline with NH40H, and ex-
tracted with three volume of CHC13, and three volumes of 
CHC13-isoPrOH (3:1). Tne extracts were combined, dried (anhy. 
Na2S04) and evaporated to dryness which provided a dry residue 
of 240 mg. TLC examination revealed most of the 3 was oxi-
dized to several products and one of them gave the identical 
TLC behavior as that of 10-hydroxyelymoc1avine (16). This COHl-
pOillld (Rf 0.19, DC) was separated by preparative TLC (DC). Re-
crystallization from CHC1 3 provided 33 mg (4.5%) of 16; mp 
1900 C (dec) (lit. 33 1900 C). TIle TLC, tN, IR, NMR and MS of 
this compound were identical to the published data of 16 which 
was obtained from the peroxidase oxidation of 3.33 
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A second Ehrlich-positive (green), blue fluorescent 
product at Rf 0.23 was also isolated from the reaction. Co-
chromatography \vi th authentic pCImiclavine (12) in DC (0.23), 
Q.1A (0.48) and EED (0.12) showed the compounds to be identical. 
Recrystallization from CIIC13 gave 12 mg of yellow crystals: 
mp 220-2220 C (dec) (lit. 6 222-2250C). 
The thjrd product had an Rf (0.82, DC) and color reaction 
(brown changing to green) similar to that of 29 and appeared to 
be the expected 10-hydroxy-~8'9-lysergaldehyde. This compound 
was isolated from the chromatograms and recrystallization from 
acetone gave 9 mg of gray crystals: mp l58-l630 C; MS: 268 (rvr) , 
250 (rvr - 18), 239, 221, 208, 184, 183, 170, 158, 137, 129. 
10-Hydroxychanoclavine-~ (33). To a solution of 1 (1 g) 
in phosphate buffer (1 L, pH 4.6, 0.067 M) was added Mn02 (20 g, 
Fatiadi). The mixture was stirred for 10 min at 2SoC and fil-
teredo The filtrate was extracted in the usual ma.'1I1er \'lith 
CHCl3" Examination by TLC revealed that most of the 1 had 
been decomposed but the presence of two Ehrlich-positive pro-
ducts. The product of Rf 0.12 (CM) appeared to correspond to 
"2C" from the peroxidase oxidation of 1 and a second Ehrlich-
positive product at Rf 0.53 (CM), The mixture was subjected 
to preparative TLC (CM) and the zone at Rf 0.12 eluted; re-
chromatography (IPN1I) provided ca. 1 mg of a chromatograph-
ically pure compound. 1bis substance was very unstable and 
exhibited identical TLC behavior to compound "2C". TLC, Rf , 
80 
0.12 (CEA), 0.45 (IPNH); MS: 272 (M+), 254 (M+-18), 182, 183, 
170, 168, 167, 154. 
Peroxidase oxidation of Isochanoclavine- I GJ. Compmmd 
~ (2 mg) was reacted with horseradish peroxidase under the same 
conditions as used for the oxidation of 1. TLC examination of 
the reaction mixture extract revealed that most of 2 was 
oxidized to Ehrlich-negative products. However, a compound 
similar to compound "lC" in Rf , color reaction and instability 
was present and the general chromatographic picture was similar 
to that seen in the peroxidase oxidation of 1. This was re-
peated several times with up to 10 mg of 2 and the same results 
!Vere obtained in each case. 
Peroxidase oxidation of Chanoclavine-I-aldehyde (~). 
Compound G (2 mg) was reacted with horseradish peroxidase under 
the same conditions as used for the oxidation of 1. Thin Layer 
Chromatography examination of the reaction mixture extract re-
vealed that 2 was virtually unreacted. A trace of an Ehrlich-
positive (blue) compound was observed at Rf 0.82 (CE) but this 
also occurred in the controls without horseradish peroxidase 
of hydrogen peroxide. This was repeated several times with up 
to 10 mg of ~ and the same results were obtained in each case. 
Mn0Z oxidation ()f Chanoclavine-I-aldehyde (§). Compound 
8 (10 lIlg) was dissolved in 10 mL of phosphate buffer (pH 4.6) 
and to this MnO,., (200 mg, Fatiadi) was added. The mixture was 
L. 
stirred for 10 min and worked up in the standard manner. Thin 
Layer Chromatography examination showed the ~ to be virtually 
tmreacted. A control reaction of 1 under the same conditions 
ruld with the same reagent resulted in the oxidation of 1 as 
reported above. 
Peroxidase oxidation of Chanoclavine-I-acid (~). Com-
pound ~ (2 mg) was dissolved in 5 mL of phosphate buffer and 
to this was added 1 mL of HRP solution (200 units) ruld 0.1 mL 
of hydrogen peroxide solution. After 20 min the mixture was 
examined by TLC (H20) which showed that virtually all the ~ 
had disappeared. After 45 min the mixture was made alkaline 
and extracted with CHCl3' TLC of the CHC1 3 extract (less than 
1 mg) showed no Ehrlich-positive products. This was repeated 




Preliminary attempts to oxidize E1yrnoclavine (~. The 
122 123 
oxidation of e1ymoclavine C~ by DMSO, Pb(OAc), and br 
I k . 124 . ]1 . Th . KrOln'e reactl0n gave essentla y no reactlon. e OX1-
da · f 3 b .. l' 119 n\,iS 125 d J tlon 0 y argentlc P1CD lnate, u v., an ones 
127 
reagent gave total decomposition. The oxidation of 3 with 
Collins reagent127 provided trace amounts of a single com-
pound (Rf , 0.75, CE) which appeared as a yellow spot and 
fluoresced red; this compound was also Ehrlich-positive (blue). 
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lhis compOlmd also appcareu to be the major product of the 
oxidation of l with Mn02 (Attenburrow) in CIIC13, EtOAc, ben-
zene, acetone and C1I3CN but the yield appeared low and the mix-
ture quite complex and no attempts were made to isolate it. 
TIle oxidation of l with Mn02 (Attenburrow) in MeOII gave a single 
major product in good yield and this direction was pursued. 
10-a-f\1ethoxy-t:,8,9-lysergaldehyde (29). To a solution of 
3 (2.0 g) in MeOI-I (400 mL) was added Mn02 (20 g, Attenburrow) 128 
and the mixture was stirred at 250 C for 12 hr. The mixture was 
filtered and the filtrate evaporated to dryness. TLC examin-
tion revealed a single major Ehrlich-positive (green) com-
pound. 'The residue was dissolved in CI-IC1 3 (10 mL) and trans-
ferred to a column of silica gel (40 g). The alkaloid was 
readily eluted with CI-ICl3' Recrystallization from CI-IC13/hexane 
gave 1. 2 g (55%) of small white needles; mp 192-194 (dec); TLC, 
Rf , 0.82 (CE) , 0.77 (EED). The UV, IR, NNR and MS of this com-
pound were identical to those of authentic~. IN: Amax 223 
(logE 4.58) and 297 (3.73) nm. IR(KBr): 3170, 2930, 2800, 
1680, 1400, 1180, 1070, 900, 750. NMR(CDC1 3): 2.56(311,s, N-CH3); 
3.13 (3H,s, 0-CH3); 6.94-7.44 (4H,m, indole); 7.67 (III,s, 9 = 
CH); 8.33 (HI,s, NH); 9.67 (UI,s, ClIO). MS: ~~ = 282 (M+) , 
154. 
10-a-~tthoxy-t:,8'9-]ysergic acid methyl ester (30). To a 
solution of 29 (1. 0 g) in MeOl! (200 mL) was added 1.1.'10'") (20 g, 
- '" 
Attcnburrow), KCN (1. 2 g) and IIOAc (0.313 g). The mixture was 
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stirred for 12 hr at 25°C after which it was filtered and the 
fil trate evaporated to dryness. TIle dry residue was dissolved 
in CHC13 (500 mL) and this solution was washed with 5% NaHC03. 
TIle CHC13 was dried (anhy. Na2S04) and evaporated to dryness. 
Recrystallization from Et20 provided 720 mg of crystals: mp 
184°C (dec) (lit. 140 189-l900C); TLC, Rf , 0.72 (CE). The UV, 
IR, NMR, MS were identical to those of authentic 30. UV: Amax 
297; IR(KBr): 3125,2777,1695,1428,1265,1065, 735; ~.1R(CDC13): 
2.53 (3H,s, N-GH3), 3.06 (3H,s, OGH3), 3.78 (3H,s, COOCH3), 
6.92-7.35 (4H,m, indole), 7.80 (lH,s, 9 = CH), 8.22 (lH,s, NH). 
MS: 312 Ovrr), 297, 282, 221, 192, 180, 167, 154. 
Lysergic acid methyl ester (31). To a solution of 30 
(200 mg) in BOAc (10 mL) was added zinc dust (5.0 g). The mix-
ture was stirred at 250C for 12 hr and diluted with water (50 
mL). The supernatant was separated from the zinc dust and the 
aqueous solution made alkaline with NH40B and extracted with 
Q-1C13. Recrystallization from benzene gave 140 mg of 31; mp 
162°C (dec) (lit. 6 1680C); TLC, Rf 0.78 (CE). The UV, IR, NMR, 
and MS were identical to that of the authentic 31. UV: Amax 
310; IR(KBr): 3390,2780,1720, 1430, 1170, 740; NMR (CDC13): 
2.54 (3H,s, N-CH3), 3.73 (3H,s, COOC113), 6.50 (lH,m, 9 = GH), 
6.90 7.50 (4H,m, indole), 8.06 (lH,S,NH); MS: 282 (M+) 267, 
239, 224, 221, 207, 192, 180, 167, 154. 
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Isolation and Synthesis 
of Chanoclavinc- I -acid.(~8) 
Materials. Seeds of .!Eomoea violacea, variety "Pearly 
Gates" were obtai.ned from W. A. Burpee Co., Riverside, CA. 
Sce,Ls of Ipomoea violacea, varieties Itlleavenly Blue" and 
"Flying Saucers" were obtained from Porter-Walton Co., Salt 
Lake City, Utah. Dr. A. II. Der Marderosian (Philadelphia 
College of Pharmacy and Science, Philadelphia, PA) kindly 
supplied a sanvle of the seeds of nervosa. 
---'''''---
cillium islandicum (NRRL 6014) was obtained from Northeastern 
Regional Research Laboratory (USDA), Peoria, Illinois. This 
strain was maintained on potato dextrose agar slants at SoC. 
Chanoclavine- I -acid (~ from Ipomoea violacea ("Pearly 
Gates". The finely powdered seeds (500 g) were extracted 
with petroleum ether (bp 30-60°C) and the defatted seeds 
moistened with 5% NI1'40H. The seeds were extracted three times 
with CHCL (2 L) to remove the basic alkaloids. The marc was 
.) 
then extracted with MeOB (1 L) three times. The MeOH extract 
was transferred to an ion -exchange colunm (Amberi te, IR 120, 
ISO mL) and the colunm was washed with 80% EtOH. A single non-
fluorescent Ehrlich positive cornpOlmd was eluted with a solu-
tion of 3% NII40II in 80% EtOH. This cornpOlmd was further 
purified by preparative TLC (1120), Recrystallization from 
MeOII gave 50 mg of white crystals; mp 2450C (dec). TLC, Rf 
0.43 (1120), 0.04 (EIPN). UV:;"max 284,293. IR(KI3r): 3040,1570, 
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1425,1340. MS: 270 (fl.l+), 252, 237, 223, 211, 197, 182, 168, 
167, 155, 154. Anal. Cald for C161IlSN202'HZO:C, 66.66; II, 
6.94. POlU1d C, 66.48; II, 6.99. 
The seeds of Ipomoe~ violacea variety "lIeavenly Blue" and 
"Flying Saucers'! together with those of Argyreia nervosa were 
screened for the presence of ~. In each case 500 mg of 
seeds were grolU1d to a fine powder and extracted with MeOlI. 
The extract was examined by TLC (H20). CornpolU1d ~ was ob-
served in both varieties of Ipomoea violacea but not in 
Argyrcia nervosa. 
Chanoclavine-I-acid HCl (28a). CompolU1d 28 (100 mg) was 
dissolved in 1 mL of dil. HCl. After cooling, 70 mg crystals 
were collected. Attempts to recrystallize from MeOH, EtOH 
and water failed and led to some decomposition. Recrystal-
lization from dil. HCl provided 17 mg of 28a. IR(KBr): 3300, 
2950, 1700, 1200,720. NMR(DMSO-d6): 2.03 (3H,s, CH3); 2.50 
(3H,s, N-CH3); 6.65-7.4 (4H,m, indOle); 9.00 (lH,s,COOH); 
11.1 (lH,s, NH, indole). 
Chanoclavine-I-acid methyl ester (34). CompolU1d 28 (5 mg) 
was dissolved in .MeOH (2 mL) and the solution was bubbled with 
HCl at OOC. After 1 hr the solvent was evaporated to dryness 
and the ester was purified by preparative TLC (CE). About 
1 mg of chromatographically pure 34 was obtained; TLC R 
, f 
0.23 (C13), 0.23 (EED). 
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Chanoc1avine- I -acid methyl estcr (34). To a solution 
of 3! (800 mg) in MeOII (400 mL) was added Mn02 (16 g, Atten-
burrow), KCN (1. a g), and IIOAc (0.3 g). The mixture was 
stirred for t,~o days at 250C in the hood. The mixture was 
filtered and the filtrate was evaporated to dryness. The dry 
residue was dissolved in CHC1 3 (500 mL), washed with 5% NaHCOy 
1he CHC1 3 solution was dried (anhy. Na2S04) and evaporated to 
dryness. The dry residue was dissolved in CHC1 3 and trans-
ferred to a column of silica gel (25 g). The column was 
washed with CBC1 3 and the alkaloid was eluted with CHC1 3-
MeOB (99:1). The solvent was evaporated and 250 mg of dry 
residue was obtained. Attempts to crystallize from MeOB, 
EtOH, acetone and benzene were unsuccessful; TLC, Rf , 0.23 
(EED), 0.23 (CE). The TLC and MS of this compoll.T1d were 
identical to 34 obtained from the esterification of 28. 
Chanoc1avine- I -acid (~). Compound 34 (200 mg) was dis-
solved in 5 mL IN NaOH and the mixture stirred for 30 min at 
SO-900C under nitrogen. The mixture was evaporated to dryness 
and the residue dissolved in MeOH. The compound was purified 
by preparative TLC (H20) and crystallization from MeOH gave 
153 mg of 28; mp 245-2470C (dec), TLC, Rf , 0.43 (H20). The 
TLC, IN, IR, NJ-.1R and MS spcctra were identical to that of 28 
obtained from Ipomoea violac~a. 
Chanoc]avine-I-acid IlCl (28a). Compow1d 28 (SO mg) was 
dissolved in dil. llCl (2 mL) and after cooling no crystals 
were formed. The solution was concentrated to 0.5 mL nntl 
after cooling 27 mg of ~~a were obtained. The IR and NrvlR 
spectra of this compoLmd were identical to that of the lICl salt 
of 28 obtained from Ipomoea violacea. 
Reduction of chanoclavine-I-acitl (28). Compound 28 
(10 mg) was added to a mixture of LiAlH4 (10 mg) in dry tetra-
hydrofuran (20 mL) in a flask fit-ted with a stirrer, reflux 
condenser and drying tube. The mixture was refluxed for 5 hr. 
After cooling, water (5 mL) was added and tetrahydrofuran vms 
evaporated. The aqueous solution was extracted with CHC1 3 and 
the CHC1 3 extracted subjected to preparative TLC (CEA.). The 
zone at Rf 0.50 was eluted. Crystallization from acetone gave 
0.7 mg of 1. The TLC and M5 of the product were identical to 
that of authentic 1. TLC, Rf , 0.50 (CEA) , M5: 256 (~f"), 237, 
223, 283, 167, 155, 154. 
Reduction of chanoclavine-I-acid methyl ester (34). Com-
potmd 34 (2 mg) was dissolved in a solution of small amount of 
LiAlH4 in Et20 (5 mL) and the mixture stirred for 10 min. 
Water (5 mL) was added and EtzO was evaporated. The aqueous 
solution was extracted with CHC13 and the CHC1 3 extract eva-
porated to dryness. TLC examination (CBA) of the reaction 
mixture showed a single product (Rf 0.50) and trace of un-
reacted 34. Co-chromatography of the product and authentic 
1:. in CBA, CrBA, CMJ\ showed the two compounds to be identical. 
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9t;:moc1avine- I -acid (~ from Penicillium islnndicum. 
lhe myceliwn fyom a 7-day old potato dextrose agar slnnt cul-
ture was tnl1lS ferred to five 1 L Roux bottle containing 200 
mL of Abe IS medilun139 each. 111e cultures were incubated for 
15 d<lYs at 250C after \ ... hich they were filtered and the com-
bined filtrate transferred to an ion-exchange colwnn (100 mL 
Amberite IR 120). The colwnn was washed with water and then 
eluted with 5% NI-I40I-l. The eluate was evaporated and the dry 
residue subjected to preparative TLC (H20). The zone at Rf 
0.43 was eluted and gave about 1 mg chromatographically pure 
28. The TLC and MS were identical to that of 28 from 
Ipomoea violacea. 
Chanoclavine- I CD and chanoclavine- I -aldehyde (§J from 
Penicillium islandicum. Five 200 mL cultures of P. islandi-
cum \vere grown as before. The combined culture filtrate (1 L) 
was made alkaline with NI-I40H, extracted with three volumes of 
CHCl3" The CHC13 was evaporated and the dry residue subjected 
to preparative TLC (CE). The zone at Rf 0.05 was eluted and 
rechron~tographed in the EIPN system. Elution of the band 
at Rf 0.90 gave about 1 mg of chromatographically pure 1.. 
TLC and MS of this compound were identical to that of authen-
tic 1. 
Elution of the zone at Rf 0.28 on the CE chromatogram 
provided a small m110w1t of chromatographically pure compound 
that was fow1d to be identical to 8 on co-chromatography (CD, 
EED, C[:A). 
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